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Glossary 
Term Definition 
High rainfall region The area of agricultural land that receives more than 400 mm annual rainfall 
(based on rainfall data from 1976 to 2005 and local government boundaries 
defined by Stephens and Lyons 1998). 
Land management constraint The soil or landscape factors that limit production. Constraints are evaluated in 
this report using land qualities. 
Land management constraints 
model 
This model uses the DAFWA soil-landscape map unit database to identify land 
management units and any constraints to production associated with each LMU. 
Land management unit (LMU) LMUs are areas of land with similar soil type and landscape characteristics. In 
this analysis, an LMU comprises a broad soil group, a soil qualifier group and a 
land unit group. 
Land qualities Those attributes of land that influence its capability for a specified use (Wells and 
King 1989). Land qualities may be a single characteristic, such as soil 
permeability, or they may be derived from a combination of soil and landscape 
characteristics, e.g. the inherent erodibility of a soil is combined with the 
landscape position to derive susceptibility to wind erosion. 
Land qualities are classified (e.g. low, moderate or high), and may be applied 
directly to map units, to components of map units, or assessed as a proportion of 
a map unit. 
Land suitability analysis A methodology for looking at how well the physical properties of the land 
resources match a proposed land use using a most limiting factor approach. The 
highest suitability land has the highest productivity and no constraints to 
production. 
Low rainfall region The area of agricultural land that receives up to 350 mm annual rainfall (based 
on rainfall data from 1976 to 2005 and local government boundaries defined by 
Stephens and Lyons 1998). 
Map unit  A set of map polygons with common land attributes. The homogeneity of the map 
unit depends on the scale and purpose of the soil-landscape survey. For most 
surveys component land units (unmapped) are described as a proportion of a 
mapping unit. 
Medium rainfall region The area of agricultural land that receives between 350 and 400 mm annual 
rainfall (based on rainfall data from 1976 to 2005 and local government 
boundaries defined by Stephens and Lyons 1998). 
Productivity class A class is part of the land suitability analysis and is defined by the most limiting 
constraint. In this analysis, wheat land was divided into seven classes—very high 
to very low—including two classes to account for duplex soils. 
Regional crop yield model A model that correlates climate information, crop variety trial data and DAFWA’s 
map unit data to calculate potential wheat yields. The potential yields are then 
compared to actual yield information to determine the yield gap. 
Yield gap The difference between actual yields and the potential yields estimated using the 
regional crop yield model. 
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Summary 
The focus of the Department of Agriculture and Food (DAFWA) is directed by the state 
government’s five key strategies for agriculture and food, which includes the strategies of 
improving the long term profitability of agricultural and food sectors and building industry 
capacity to grow and adapt. The Plan to Support Grains Industry Development addresses the 
government strategies and grain industry needs via priority initiatives, including Bridging the 
Yield Gap, which focuses on medium and high rainfall zones, and The Pathways to 
Resilience, which focuses on low rainfall zones.  
This report provides the underpinning information for these two priority initiatives. It 
documents the realistic potential yield of the 18 million hectares of agricultural land of the 
South West of Western Australia and the gap between this potential and the actual yields, 
based on shire averages. This report also summarises major land management constraints 
that limit the yield potential. This information can be used to aid strategic planning at different 
levels, for example state, shire and, with care, as a starting point for farm planning 
Two models were developed to determine the potential yield and the yield gap, and the land 
management constraints to potential yield. Results from the models are summarised to soil-
landscape map units which are then summarised to Local Government Areas (LGA) so that 
the information can be correlated with LGA yield data from Co-operative Bulk Handling 
Group (CBH) and Australian Bureau of Statistics (ABS).  
The yield gap is the difference between actual yields and the potential yields, which are 
calculated using crop variety trial data, land suitability analysis, rainfall and temperature. The 
yield gap in any of the rainfall regions ranges from 1.3 to 1.5 t/ha in 1995–99 and in 2001, the 
medium and high rainfall region still had a 1–1.1 t/ha yield gap.a In the low rainfall region the 
gap was only 0.3 t/ha because yields overall were very low (Table 1). In the high and 
medium rainfall regions some yields are still possible when there is below average rainfall. 
Given seasonal variation, profitable yields in the high and medium rainfall regions are 
possible in more seasons; hence there is relatively more benefit to reducing the yield gap in 
these regions than in the low rainfall region. 
Table 1 Summary of the yield gap in the rainfall regions  
  
1995–99 2001 
High Medium Low High Medium Low 
Mean growing season rain (mm) 450 360 290 310 280 160 
Potential yield (t/ha) 3.6 3.2 3.0 2.9 2.4 1.4 
Actual yield (t/ha) 2.1 1.9 1.6 1.8 1.4 1.2 
Gap (t/ha) 1.4 1.3 1.5 1.1 1.0 0.3 
To assess the land management constraints to the potential yield, a land management 
constraint model using grouped land management units (LMU) was developed. This model is 
based on a land suitability analysis, which divides land into five productivity classes from very 
high to very low, according to the most limiting constraint. Two other classes were added to 
account for duplex soils (sand over clay) which are a major group of LMUs with unique 
management constraints and opportunities.   
                                               
a
  Yield gaps can be calculated for any year or group of years and will change according to the 
season in question. Given the time constraints for this study, CBH information for 1995–99 was 
used because it had already been compiled for other research, even though this period had 
relatively high rainfall. For comparison to a more average year, 2001 was also included. 
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This model focuses on where land may be feasible to ameliorate, that is, land with three or 
fewer constraints. It excludes land that is classed as very low productivity or has multiple 
(four or more) constraints, which is about one-third of the wheat land in the high rainfall 
region and about one-quarter of the medium rainfall region (Table 2). It also does not report 
minor constraints on land where major constraints (constraints that limit land to the fair or low 
productivity class) occur.   
Table 2 Classification of wheat land in the rainfall regions 
Wheat land High Medium Low Total 
Total area (M ha) 6.55 8.03 7.56 22.15 
Agricultural area (M ha) 4.79 6.49 6.79 18.07 
Very high productivity wheat land (M ha) 1.16 0.96 1.12 3.24 
Constrained (3 or fewer constraints) wheat land (M ha) 2.05 3.88 3.58 9.51 
Multiple (4 or more) constrained wheat land (M ha) 1.31 1.34 1.61 4.26 
Very low productivity wheat land (M ha) 0.41 0.42 0.67 1.51 
Proportion of very low productivity or multiple constrained (%) 36 27 34 32 
Total pH (topsoil and/or subsoil), soil water storage, subsurface compaction and wind erosion 
are the most widespread constraints in the study area (Table 3). This table shows the land 
area affected by different constraints in each rainfall region. The constraints are listed by 
descending area of land affected, which is not necessarily the same as the total cost or the 
total potential yield benefit for overcoming the constraint. For example, most of the pH 
constraint in the high rainfall region occurs in the topsoil and applying lime would rapidly 
overcome this constraint at relatively small expense compared to ameliorating subsoil pH 
constraint which is much more costly and takes more time to overcome. 
Table 3 Area of wheat land in each rainfall region with a yield benefit if constraints are ameliorated* 
Constraint 
High Medium Low Total 
Area 
(M ha) 
Pro-
portion 
(%) 
Area 
(M ha) 
Pro-
portion 
(%) 
Area 
(M ha) 
Pro-
portion 
(%) 
Area 
(M ha) 
Pro-
portion 
(%) 
Agricultural land 4.79 100 6.49 100 6.79 100 18.07 100 
Very high productivity class 1.16 24 0.96 15 1.12 16 3.24 18 
pH total (topsoil & subsoil) 1.23 26 1.59 24 1.92 28 4.74 26 
pH in topsoil 1.13 24 1.17 18 1.29 19 3.59 20 
pH in subsoil 0.29 6 0.91 14 1.21 18 2.40 13 
Soil water storage 1.19 25 2.38 37 1.82 27 5.39 30 
Subsurface compaction 1.13 24 0.95 15 1.53 23 3.60 20 
Wind erosion 0.35 7 1.09 17 0.82 12 2.26 13 
Waterlogging 0.23 5 0.52 8 0.72 11 1.47 7 
Surface salinity 0.13 3 0.42 6 0.58 9 1.13 6 
Surface soil structure decline 0.09 2 0.33 5 0.60 9 1.02 6 
Water repellence 0.22 5 0.42 6 0.08 1 0.73 4 
Permeability 0.14 3 0.39 6 0.17 3 0.70 4 
Water erosion 0.33 7 0.17 3 0.19 3 0.69 4 
Soil workability 0.11 2 0.12 2 0.31 5 0.55 3 
Rooting depth 0.02 0 0.09 1 0.18 3 0.29 2 
* Land with three or fewer constraints is included and therefore the total area of all constraints will be greater 
than the total agricultural land. 
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1. Introduction 
The focus of the Department of Agriculture and Food (DAFWA) is directed by the state 
government’s five key strategies for agriculture and food. These include strategies of 
improving the long term profitability of agricultural and food sectors, developing effective 
natural resource management policy and building industry capacity to grow and adapt.  
The Plan to Support Grains Industry Development addresses the government strategies and 
grain industry needs via priority initiatives, including Bridging the Yield Gap, which focuses 
on medium and high rainfall zones, and The Pathways to Resilience, which focuses on low 
rainfall zones.  
This report provides the underpinning information for the Bridging the Yield Gap and The 
Pathways to Resilience initiatives. It documents the realistic potential yield of wheat land in 
the agricultural region of South West of Western Australia and the gap between this potential 
and the actual yields, based on shire averages. This report also summarises major land 
management constraints that limit the yield potential in high, medium and low rainfall regions. 
This information can be used to aid strategic planning at different levels, for example state, 
shire and, with care, as a starting point for farm planning 
The methodology used to determine the yield gap includes a regional crop yield model which 
correlates climate information, crop variety trial data and DAFWA’s map unit data to calculate 
potential wheat yields. The potential yields were then compared to actual yield information 
from the Co-operative Bulk Handling Group and the Australian Bureau of Statistics to 
determine the yield gap.   
A land management constraints model was developed to determine the constraints to yield 
potential. The model prioritises land constraints that limit wheat production measured against 
production figures summarised at a state and local government level; identifies seven broad 
wheat productivity classes and estimates optimal yields for each class; and identifies wheat 
land management units (LMU) with similar constraints within the productivity classes. These 
LMUs should be recogniseable at a farm scale and will help target on-ground work for 
ameliorating constraints for a productivity gain. 
1.1 Study area 
The study area covers about 18 million hectares of land that is potentially available for 
agriculture in the Local Government Areas (LGA) of South West of Western Australia.b Less 
than one-quarter of this area was used for wheat cropping, based on CBH receival 
information for 1995–99. Land tenured as reserve, which includes land managed by the 
Department of Environment and Conservation, and about three million hectares in the south-
west corner, which is not used for cropping, has been excluded from this study (Figure 1, 
Tables 4 and 5). 
The study area was divided into high, medium and low rainfall regions based on growing 
season (May–October) rainfall and yield relationships defined by Stephens and Lyons 
(1998). The boundary between high and medium rainfall regions correlates roughly with the 
400 mm rainfall isohyet and the boundary between medium and low roughly matches the 
350 mm isohyet, based on Patched Point Dataset rainfall data from 1976 to 2005 (Jeffrey et 
al. 2001). The exceptions are Corrigin, Gnowangerup and north of Dandaragan, where 
higher yields have pushed these LGAs into regions where rainfall was a little lower. 
                                               
b
  The land assessment is based on the land use mapping compiled for the National Land and Water 
Resources Audit (2001). 
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Table 4 Land use in the rainfall regions (M ha) 
Land use SW corner High (H) 
Medium 
(M) 
Low 
(L) Total 
Total  
H, M, L 
Dryland agriculture and plantations* 0.70 4.79 6.49 6.79 18.77 18.07 
Cropped area – 0.43 1.33 2.34  4.10 
Total reserve and non-dryland 
agricultural land 2.39 1.76 1.55 0.78 6.47 4.08 
Total area 3.09 6.55 8.03 7.56 25.24 22.15 
*  Based on land that is potentially available for agriculture (National Land and Water Resources Audit 2001) 
 
Figure 1 Rainfall regions and Local Government Areas (LGA codes in Table 5) 
(High rainfall = >400mm, Medium rainfall 350-400mm, Low rainfall < 350mm, after  Stephens and Lyons 1998)
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Table 5 Local Government Area codes and area 
No. High rainfall 
LGAs 
Area 
(‘000 
ha) 
No. Medium rainfall 
LGAs 
Area 
(‘000 
ha) 
No. Low rainfall 
LGAs 
Area 
(‘000 
ha) 
161 Albany (City) 426 42 Carnamah 287 74 Bruce Rock 272 
92 Beverley 237 32 Chapman Valley  311 45 Dalwallinu 577 
127 Boddington 192 46 Coorow 419 56 Dowerin 186 
149 Boyup Brook 282 109 Corrigin 268 66 Kelllerberrin 191 
114 Brookton 160 68 Cunderdin 186 113 Kondinin 423 
154 Broomehill 117 138 Dumbleyung 254 53 Koorda 266 
62 Chittering 122 129 Esperance 1628 126 Kulin 471 
159 Cranbrook  327 61 Goomalling 183 131 Lake Grace  1024 
130 Cuballing 119 35 Greenough 175 63 Merredin 329 
47 Dandaragan 671 40 Irwin 237 37 Morawa 300 
57 Gingin 320 150 Jerramungup 651 43 Mount Marshall 444 
153 Gnowangerup 426 142 Kent  562 51 Mukinbudin 276 
148 Katanning 152 39 Mingenew 193 30 Mullewa 496 
152 Kojonup 293 50 Moora 376 76 Narembeen 383 
135 Narrogin 162 26 Northampton  429 58 Nungarin 116 
70 Northam 140 77 Quairading 201 38 Perenjori 372 
123 Pingellly 129 132 Ravensthorpe 867 67 Tammin 110 
162 Plantagenet 488 41 Three Springs 266 59 Trayning 165 
158 Tambelllup 144 128 Wickepin 204 52 Westonia 268 
65 Toodyay 169 54 Wongan–Ballidu 336 60 Wyalkatchem 159 
55 Victoria Plains  255    44 Yilgarn 733 
140 Wagin 194       
115 Wandering 190       
141 West Arthur 283       
134 Williams 230       
146 Woodanilling 113       
73 York  213       
 Total 6554  Total 8035   Total 7563 
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2. Modelling potential crop yield 
Rainfall is recognised as the major factor that influences yield. Rainfall driven yields can be 
estimated using models such as the simple relationship developed by French and Schultz 
(1984), which relates yield (15–20 kg) to every millimetre of growing season rainfall above 
110 mm. Unfortunately this approach is too simple for realistic regional reporting. Using crop 
variety trial (CVT) data to establish the yield relationship on similar soils across large 
geographic regions is problematic as there are too many confounding factors. The 
Agricultural Production Systems Simulator (APSIM) yield model, developed by CSIRO in 
collaboration with non-CSIRO researchers, does not give realistic regional results because it 
is built for paddock scale modelling. Consequently, the regionial crop yield model was 
developed.  
2.1 Regional crop yield model 
The regional crop yield model is designed for regional analysis of wheat yield potential 
spanning multiple years and actual yield obtained. It uses rainfall, temperature, CVT data 
and actual grain receival information from Co-operative Bulk Handling Group (CBH) and 
Australian Bureau of Statistics (ABS) and soil-landscape mapping from the Department of 
Agriculture and Food. 
To determine the yield gap, the potential yields calculated using daily rainfall records and 
yield equations were compared to CBH grain receival information and ABS grain receival 
information (Appendix A). Given the time constraints for this study, CBH information for 
1995–99 was used because it had already been compiled for other research (CBH 2002). 
However, this period was unusually wet, particularly in the lower rainfall eastern grainbelt, so 
figures for 2001 are also provided because it was a dry year and an ABS census year which 
meant the wheat production figures were readily available (ABS 2002).c 
About the model 
• The study area was divided into three temperature regions for the yield gap analysis 
because there is a considerable difference in wheat yield for different mean 
temperatures—the warmer region has the lowest maximum yields, and the cooler region 
has the highest maximum yields (Figure 2). 
• CVT data from 1951 to 2008 was used as a scaling tool to create realistic yields within 
each temperature region (Crop Variety Trial database 2009). So that this information 
could be related to the land management constraints model (Section 3), it is assumed that 
high yields are possible on highest productivity land and the lowest yields occur on the 
lowest productivity land.d   
• The model groups hundreds of land management units (LMUs) into five productivity 
classes—very high to very low (Map unit database 2010). Two classes of duplex LMUs 
were also included because they were identified as having a different rainfall yield 
response. Overall, there are seven classes of wheat land, with seven unique equations, in 
three temperature regions (that is, 21 equations per crop) (Appendix A). Developing 
unique relationships for other important LMUs, such as deep sands, would be important 
when looking at some regions or farms in more detail. 
                                               
c
  2006 is a more recent census year but it was a drought in the northern cropping region. 
d
  Wheat land (and soil) has a major influence on yield. However, yields also vary according to 
management, seasonal fluctuations and incidence of pests and diseases. There was insufficient 
information and time to separate the reasons for yield fluctuations within the CVT database. 
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• The yield equations and the rainfall data were used to calculate yields for each wheat 
productivity class. These yields were then summarised to LGAs to determine an average 
yield gap for each LGA. 
• The model gives a relative yield between LMUs so it can help focus on the most important 
land management constraints described in Section 3. 
• It uses seasonal rainfall and does not account for seasons where there is adequate rain 
but it falls outside the May–October growing season. For this reason, determining the 
yield gap in any single year must be done with caution. 
• The model can be used to help explore seasonal variation as it can be re-run for any year 
or group of years. 
• When growing season rainfall is very high, the model underestimates the yield gap. To 
improve the model, more regions could be included to account for gross differences in 
rainfall. 
• The model uses the same methods for all crops and hence the relativity between crops 
should be reasonable, even if the absolute numbers are not. 
• The model is flexible and any component can be updated, such as the selection of wheat 
productivity classes (Section 3), the climate and yield relationships, and the way the 
information is summarised, for example, more detailed relationships could be applied to 
smaller geographic regions.  
• The potential yields can be used as a starting point for benefit–cost analyses. 
 
Figure 2 Temparature regions and weather stations used in the regional crop yield model 
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2.2 The yield gap 
Figures 3–7 depict the data and results for the 1995–99 and 2001 yield gap analyses. 
Figure 3 shows the average growing season rainfall and it can be seen that 1995–99 was 
generally much wetter than the dry year in 2001. Figures 4a and 5a show the potential yields 
for the map units calculated using the yield equations. This data was then summarised to 
LGAs using an area weighted mean for each productivity class in each map unit. Because of 
this summarising, the highest average potential yield for an LGA is lower than the highest 
average potential yield that a map unit may achieve (Figures 4b and 5b). Figure 6 shows the 
average actual crop yields using CBH grain receival records 1995–99 and ABS census data 
2001. The yield gaps for each LGA shown in Figure 7 are the result of the data in Figure 6 
being subtracted from the data in Figure 4b or 5b.  
The yield gap in any of the rainfall regions ranges from 1.3 to 1.5 t/ha in 1995–99 and even in 
2001, the medium and high rainfall region still had a 1–1.1 t/ha yield gap (Table 6). In the low 
rainfall region the gap was only 0.3 t/ha because yields overall were very low. In the high and 
medium rainfall regions some yields are still possible when there is below average rainfall. 
Given seasonal variation, profitable yields in the high and medium rainfall regions are 
possible in more seasons; hence there is relatively more benefit to reducing the yield gap in 
these regions than in the low rainfall region. 
Because resources are not limiting and management expertise of trial plots is high, trial yield 
data is usually higher than average values reported in CBH grain receival information. An 
exception occurs for a number of LGAs in the low rainfall region when growing season 
rainfall is very low, as indicated by negative yield gap figures in Table 6. There is also one 
negative yield gap for Gingin in the high rainfall region in 1995–99 where rainfall was very 
high and waterlogging and disease problems could be expected. Apart from errors induced 
by the generalisations within any model, which are often highlighted at the extremes—for 
example, for very high or very low growing season rain or on some very highly or very poorly 
productive LMUs—several other inaccuracies may occur because: 
• The model does not account for residual moisture from the previous season. 
• If the actual area cropped in an LGA is small, the average productivity for the entire LGA 
used in the model will be inaccurate because it is unknown whether the cropped area is 
on high or low productivity land. 
• If there is a strong rainfall gradient across an LGA, an average for the entire LGA may be 
problematic because the actual cropped land might be entirely where the rainfall is high or 
entirely where it is low. For example, Gingin may have an unusual yield estimate because 
yields decline after about 500 mm and 1995–99 was very wet. Gingin LGA has an 
average of 580 mm growing season rainfall in 1995–99 and 2001, but it ranges from 
500 mm, where maximum yield is achievable on most soils, to 700 mm which would have 
greatly reduced yield according to the equations used in this model. 
• While yield estimates are based on grain receivals, which are adjusted for LGA 
boundaries, it can be difficult to ascertain the real LGA yields with confidence, particularly 
where the actual area cropped is small. 
• Using yield estimates for a single year can be incorrect if the rainfall distribution 
throughout the growing season is unusual. 
• There is an averaging affect across rainfall regions and so for a regional assessment the 
potential yields are a useful indicator rather than absolute. Low rainfall areas use low 
fertiliser input and vice versa for high rainfall areas. It is likely that potential yields in the 
low rainfall region are overestimated a little, and potential yields in the high rainfall region 
may be underestimated a little because average fertiliser rates are assumed for relatively 
large areas.   
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a)  
b)  
Figure 3 Average growing season rain for a) 1995–99, and b) 2001
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a)  
b)  
Figure 4 Potential mean yields (t/ha) for 1995–99 by a) map unit, and b) LGA 
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a)  
b)  
Figure 5 Potential mean yields (t/ha) for 2001 by a) map unit, and b) LGA 
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a)  
b)  
Figure 6 Actual yields (t/ha) based on a) CBH grain receival records 2001, and b) ABS census yields 2001 
Wheat yield potential and land management constraints 
11 
a)  
b)  
Figure 7 The yield gap (t/ha) for a) 1995–99, and b) 2001 
Wheat yield potential and land management constraints 
12 
Table 6 Potential and actual wheat yield for 1995–99 and 2001 and the yield gaps 
Rainfall 
region LGA 
Actual 
area of 
cropped 
land 
(‘000 ha) 
1995–99 2001 
Growing 
season 
rainfall 
(mm) 
Poten
tial 
yield 
(t/ha) 
Actual 
yield 
(t/ha) 
Yield 
gap 
(t/ha) 
Growing 
season 
rainfall 
(mm) 
Potent
ial 
yield 
(t/ha) 
Actual 
yield 
(t/ha) 
Yield 
gap 
(t/ha) 
H Albany 2 600 3.3 2.1 1.3 300 2.1 2.0 0.1 
H Beverley 22 430 3.5 1.9 1.6 290 2.9 1.6 1.3 
H Boddington 1 590 3.5 2.0 1.5 390 4.0 2.2 1.9 
H Boyup Brook 1 550 4.3 2.2 2.1 330 4.0 2.3 1.7 
H Brookton 24 410 4.3 1.9 2.3 270 3.2 1.4 1.8 
H Broomehill 11 330 3.3 2.4 1.0 220 2.2 1.6 0.7 
H Chittering 3 700 3.0 2.5 0.4 530 3.7 2.5 1.2 
H Cranbrook  6 440 3.7 2.3 1.4 250 2.6 1.8 0.8 
H Cuballing 10 410 4.4 2.0 2.4 260 3.2 1.4 1.8 
H Dandaragan 22 540 2.6 1.9 0.7 430 3.1 2.0 1.1 
H Gingin 1 580 1.2 2.4 -1.2 580 2.1 1.6 0.4 
H Gnowangerup 79 300 3.3 2.2 1.1 160 1.5 1.2 0.4 
H Katanning 28 350 3.2 2.1 1.1 260 2.5 1.3 1.2 
H Kojonup 8 450 3.9 2.3 1.6 320 3.3 2.1 1.2 
H Narrogin 12 320 4.0 2.0 2.0 240 2.8 1.3 1.5 
H Northam 16 510 3.4 2.0 1.4 320 2.8 1.8 1.0 
H Pingelly 24 380 4.6 2.0 2.6 260 3.4 1.5 1.9 
H Plantagenet 3 490 3.4 2.2 1.3 240 2.1 1.9 0.2 
H Tambellup 14 350 3.3 2.2 1.2 170 1.6 1.5 0.1 
H Toodyay 11 440 3.5 2.4 1.1 390 3.2 2.6 0.6 
H Victoria Plains  58 420 4.0 2.2 1.8 360 3.3 2.1 1.2 
H Wagin 29 360 3.2 2.2 1.0 260 2.3 1.4 0.9 
H Wandering 2 510 4.2 2.2 2.0 360 3.9 1.8 2.1 
H West Arthur 2 420 3.8 1.9 1.8 320 3.3 1.8 1.5 
H Williams 9 450 4.2 2.1 2.0 290 3.2 1.6 1.6 
H Woodanilling 11 350 3.2 2.2 1.0 300 2.6 1.6 1.0 
H York  25 380 3.6 1.9 1.7 280 2.8 1.7 1.2 
Total high rainfall 434 450 3.6 2.1 1.4 310 2.9 1.8 1.1 
M Carnamah 41 420 3.0 1.9 1.1 270 2.2 1.5 0.7 
M Chapman Valley 95 400 3.3 1.7 1.7 400 2.7 1.2 1.5 
M Coorow 44 340 3.2 1.8 1.4 320 2.3 1.6 0.8 
M Corrigin 75 280 3.1 1.9 1.2 210 2.1 1.1 1.0 
M Cunderdin 60 330 3.3 2.0 1.3 200 2.1 1.7 0.4 
M Dumbleyung 62 290 3.0 2.0 1.1 200 1.9 1.1 0.8 
M Esperance 161 360 2.9 1.7 1.2 450 3.1 1.8 1.3 
M Goomalling 48 330 3.4 2.1 1.3 220 2.5 1.7 0.8 
M Greenough 44 440 3.3 1.8 1.4 470 3.4 1.6 1.8 
(continued next page) 
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Table 6 (continued) 
Rainfall 
region LGA 
Actual 
area of 
cropped 
land 
(‘000 ha) 
1995–99 2001 
Growing 
season 
rainfall 
(mm) 
Poten
tial 
yield 
(t/ha) 
Actual 
yield 
(t/ha) 
Yield 
gap 
(t/ha) 
Growing 
season 
rainfall 
(mm) 
Potent
ial 
yield 
(t/ha) 
Actual 
yield 
(t/ha) 
Yield 
gap 
(t/ha) 
M Irwin 17 480 2.7 1.9 0.7 400 2.8 1.8 1.0 
M Jerramungup 40 400 3.6 1.8 1.8 190 2.0 0.9 1.1 
M Kent  78 270 3.0 1.9 1.1 210 1.9 1.0 0.9 
M Mingenew 56 380 3.3 2.3 1.0 250 2.5 1.7 0.8 
M Moora 80 370 3.7 1.9 1.7 300 2.8 1.7 1.0 
M Northampton  89 410 2.7 1.9 0.8 340 2.4 1.5 0.8 
M Quairading 55 310 3.3 1.9 1.4 200 2.0 1.3 0.7 
M Ravensthorpe 60 350 3.2 1.6 1.5 280 2.7 1.1 1.6 
M Three Springs 55 370 3.1 1.8 1.3 250 2.2 1.7 0.5 
M Wickepin 54 320 3.9 2.0 1.8 230 2.8 1.2 1.5 
M Wongan–Ballidu 117 320 3.3 1.8 1.4 220 2.2 1.5 0.7 
Total medium rainfall 1331 360 3.2 1.9 1.3 280 2.4 1.4 1.0 
L Bruce Rock 97 280 3.1 1.7 1.4 180 1.8 1.2 0.6 
L Dalwallinu 223 290 3.0 1.6 1.4 150 1.2 1.3 -0.1 
L Dowerin 56 310 2.9 1.9 1.0 180 1.7 1.5 0.3 
L Kellerberrin 61 280 3.3 1.7 1.7 150 1.7 1.2 0.5 
L Kondinin 122 280 3.4 1.6 1.8 220 2.5 1.1 1.4 
L Koorda 68 260 2.4 1.3 1.0 140 0.9 1.0 -0.1 
L Kulin 135 290 3.2 1.7 1.5 200 2.1 1.2 1.0 
L Lake Grace  216 280 3.1 1.8 1.3 230 2.3 1.0 1.3 
L Merredin 128 280 3.1 1.4 1.6 170 1.6 1.1 0.4 
L Morawa 89 350 3.2 1.5 1.7 160 1.1 1.0 0.1 
L Mount Marshall 145 270 2.7 1.4 1.3 110 0.5 1.0 -0.5 
L Mukinbudin 125 260 2.8 1.3 1.5 90 0.3 0.9 -0.6 
L Mullewa 157 320 3.3 1.6 1.7 140 1.5 1.4 0.1 
L Narembeen 119 280 3.3 1.6 1.7 180 1.9 1.1 0.8 
L Nungarin 43 260 2.7 1.3 1.4 140 1.1 1.0 0.2 
L Perenjori 124 310 2.8 1.5 1.3 160 1.2 1.2 0.0 
L Tammin 43 310 3.3 2.0 1.3 180 1.8 1.5 0.3 
L Trayning 61 300 2.8 1.7 1.2 160 1.5 1.2 0.3 
L Westonia 79 290 3.5 1.3 2.2 140 1.0 1.2 -0.2 
L Wyalkatchem 56 290 2.8 1.8 1.0 160 1.4 1.2 0.2 
L Yilgarn 191 280 3.2 1.3 1.9 140 1.0 1.2 -0.1 
Total low rainfall 2338 290 3.0 1.6 1.5 160 1.4 1.2 0.3 
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3. Land management constraints model 
The land management constraints model was developed to assess the land management 
constraints to reaching the wheat yield potential calculated by the regional crop yield model. 
The model uses the Map unit database (2010) to identify land management units (LMUs), 
which are proportionally allocated to map units and should be recogniseable at a farm scale. 
The database was also used to identify land quality groups as constraints to production 
associated with each LMU. A land suitability analysis was applied to the LMUs to identify 
seven classes of high to low productivity wheat land according to the most limiting constraint 
(Food and Agriculture Organisation 1976).e  Results of the model were then summarised to 
LGAs so that a link between the strategic planning level and farm planning level may be 
maintained. 
3.1 Wheat land management units 
To be able to compare one soil, for example a deep sand, on one farm, with a deep sand on 
a farm in another region, information about the soil and the landscape position is needed 
because the soils may have different productivity capabilities and different management 
requirements. In some cases the landscape position, particularly slope, can have a larger 
impact on crop yield than the soil because it affects water movement (for example, run-off 
and waterlogging potential), exposure (for example, wind and water erosion), and 
temperature (for example, frost). Because of these variabilities, LMUs were used in this study 
instead of just soil type. LMUs also tend to be managed similarly for dryland cropping.   
LMUs comprise a soil group (Schoknecht 2002), a soil qualifier and a land unit (van Gool et 
al 2005). To reduce complexity in this study, these elements were summarised into broad 
groups and so each LMU comprises a broad soil group (for example, deep sandy duplex), a 
soil qualifier group (for example, good sand) and a land unit group (for example, low-lying 
position) (Table 7, Appendix B). 
The broad soil groups comprise regrouped WA soil groups that can be managed similarly for 
cropping. A soil qualifier describes major chemical or physical differences that can occur 
within a soil group. Qualifiers were retained in this classification of LMUs because similar 
soils can yield from very low to very high because of different constraints, such as pH, 
waterlogging and compaction pans. For example, deep sands can be neutral, alkaline or 
highly acidic. They might be bleached and have very low water storage, or they might have 
finer particles or a small amount of clay, which gives them higher soil water storage capacity. 
Conversely, clayey sands with mixed particle sizes could be much more susceptible to 
subsoil compaction. The land unit groups regroup land units into three broad classes of low-
lying, elevated and not arable. 
                                               
e
  The term land suitability is often used interchangeably with land capability; however, land suitability 
is the nationally adopted term (McKenzie et al 2008). 
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Table 7 Example of variability of wheat productivity classes on a deep sandy duplex soil (000s ha) 
Soil qualifier group Land unit group 
Productivity class 
Very 
high High 
High 
duplex Fair 
Fair 
duplex Low 
Very 
low 
good sand low-lying   10  62   
good sand elevated  50 449 67 127   
neutral and porous elevated 290 14 56 17 72   
poor sand low-lying     203 77  
poor sand elevated 234  57 37 329 116  
saline within root zone low-lying     19 20  
3.2 Land quality groups as constraints to productivity 
The land qualities in van Gool et al (2005) that are relevant to cropping were used as 
constraints to productivity. Some qualities were grouped together to simplify this reporting 
(Table 8). 
Table 8 Land quality groups 
Land quality group Description 
Permeability  The capacity of the soil to transmit water. Permeability is assessed on the least 
permeable layer (the layer that has the most restrictions to the passage of water) in the 
top 150 cm (including bedrock if present). 
pH topsoil (0–10 cm) The acidity or alkalinity of a soil in the top 10 cm. In acid soils pH is a useful surrogate for 
aluminum toxicity. In alkaline soils high pH can indicate the presence of calcium 
carbonate, toxic compounds or sodicity. 
pH subsoil (15–80 cm) Subsoil pH or acidity risk at 15–80 cm. 
Rooting depth  The depth to the layer within the soil where the growth and penetration of the majority of 
plant roots is physically restricted. Assessment includes physical limitations (only) as well 
as the presence of watertables. It does not include chemical restrictions or the effects of 
compaction or structure degradation. 
Salinity Watertable-related salinity, expressed at the soil surface. 
Soil water storage The amount of water that can be stored available for plant water use.  Here it is defined 
as the difference between field capacity wilting point summed over the top 100 cm, or the 
rooting depth, whichever is less. 
Soil workability and 
trafficability  
Combines the ease and safety of vehicle movement across the land surface and the 
ease with which soil can be cultivated for cropping assuming the use of a tractor and 
plough and 10–15 cm depth of tillage. 
Subsurface compaction 
susceptibility  
The susceptibility of the soil to become compacted at a depth of 10–30 cm because of 
cultivation practices. 
Surface soil structure 
decline susceptibility  
The susceptibility of soils to have their structure altered because of cultivation, so that 
movement of water into and through the topsoil is reduced. Soils with structure decline 
become more compact, have reduced infiltration and increased run-off. 
Water erosion hazard  The inherent risk of the land to soil loss as a result of water movement across the 
surface. Inherent water erosion risk is determined by landscape features and soil 
characteristics, not land management practices. 
Waterlogging risk  The risk of excess water, in terms of saturated soil layers, in the root zone accompanied 
by anaerobic conditions.   
Water repellence 
susceptibility  
The risk of the soil becoming resistant to wetting, resulting in an uneven soil wetting 
pattern at the break of the season. 
Wind erosion risk  The inherent risk of the land to soil loss as a result of wind movement across the surface.  
Inherent wind erosion risk is determined by climate, landscape and soil characteristics, 
not land management practices. 
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3.3 Wheat productivity classes 
A land suitability analysis, which looks at how well the physical properties of the land 
resources match a proposed land use using a most limiting factor approach, was used to 
divide the land available for agriculture into five productivity classes according to the most 
limiting constraints to production (Food & Agriculture Organisation 1976; van Gool et al 
2005). Two other classes were added to account for duplex soils (sand over clay) on slopes 
less than five per cent which are a major group of LMUs with unique management 
constraints and opportunities (Appendix C).  
In a conventional land suitability analysis, the highest suitability land has no constraints for 
wheat production. However, since WA has very little land in the highest class, this analysis 
was re-scaled to obtain a reasonably even ranking of the wheat land productivity classes. 
Consequently there are five constraints which only affect a variable portion of the land, that 
are deemed non-limiting and are included in the highest productivity class.  These 
constraints are: 
• high susceptibility to subsurface compaction and structure degradation which are an 
estimate of susceptibility and are not based on specific measurements  
• high wind and moderate or high water erosion risk which are included because soil 
erosion will only occur when bare soil coincides with either wind or rain eventsf 
• low levels of acidity (less than 6 pH (water)) are included to compensate for the measured 
pH information being more than 10 years old coupled with the evidence that mean pH 
values have reduced (C Gazey [DAFWA] 2010, pers. comm.).   
Using these five constraints to rank productivity classes lower results is an all or nothing 
effect where large tracts of land are included in the lower productivity classes and the extent 
of the constraints is overestimated. By including them in the very high productivity class this 
overestimate is reduced because the most limiting, or major, constraints are reported first.  
The productivity class of an LMU is defined by the most limiting constraint irrespective of 
whether there is one or many of them. Once the most limiting constraint/s is ameliorated, the 
LMU can be moved into a higher productivity class. For example, if permeability of an LMU is 
rapid (R), then the productivity class of that LMU can be rated no higher than fair (Tables 9 
and 10). That same LMU may also have shallow rooting depth which also rates the LMU as 
fair. Once these two constraints are ameliorated, the LMU would increase to high or very 
high productivity. 
Figure 8a shows the wheat productivity classes in the study area. If the dominant productivity 
class covers more than half of the map unit, that class is used for that unit. If the dominant 
class covers less than half, the average productivity class of the map unit is used 
(Appendix D).g   
To coincide with the information from the regional crop yield model, the dominant productivity 
classes are summarised to LGAs using an area weighted mean for each map unit 
(Figure 8b). However, where the dominant class within any LGA covers less than 30 per cent 
of the area, that LGA is described as variable; that is the distribution of productivity classes 
within the LGA is fairly even. Appendix D lists the area of productivity classes for each LGA. 
                                               
f
 Very high and extreme erosion are retained because direct wind damage to the crop can reduce 
productivity. 
g
 To calculate the average class, each class was interpreted as an integer and the average value 
was rounded to the nearest whole number. 
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Table 9 Land quality codes of the wheat productivity classes according to the most limiting constraint*  
Constraint 
Very high 
productivity 
(VHP) 
High 
productivity  
(HP, HPdx) 
Fair 
productivity  
(FP, FPdx) 
Low 
productivity 
(LP) 
Very low 
productivity 
(VLP) 
Permeability    R VR, XX  
pH at 0–10 cm  Sac, Mac  Salk VSac, XX  
pH at 15–25 cm  Mac Sac, Malk Salk VSac, XX  
pH at 50–80 cm† Mac Sac, Malk VSac, Salk, XX   
Rooting depth   MS S VS, XX  
Soil water storage   L VL EL, XX  
Soil workability & trafficability   F  P VP, XX 
Subsurface compaction 
susceptibility  
H, XX     
Surface salinity   S  M H, E, XX 
Surface soil structure decline 
susceptibility  
H, XX     
Water erosion hazard  M, H  VH  E, XX 
Water repellence susceptibility    H, XX   
Waterlogging/inundation risk   L M H VH, XX 
Wind erosion risk  H  VH  E, XX 
*  Table 10 contains the descriptions of the land quality codes. 
†
 Each pH category is calculated independently and then the areas of land are combined for reporting. 
Table 10 Land quality code descriptions 
Description  Codes 
Permeability (mm/h) VS (very slow), < 1; S (slow), 1–5; MS (moderately slow), 5–20; M (moderate), 
20–65; MR (moderately rapid), 65–130; R (rapid), 130–250; VR (very rapid) 
> 250 
pH at 0–10, 10–20 and  
50–80 cm depth 
VSac (very strongly acid), < 5.3; Sac (strongly acid), 5.3–5.6; Mac (moderately 
acid), 5.6–6; Slac (slightly acid), 6–6.5; N (neutral), 6.5–8; Malk (moderately 
alkaline), 8–9; Salk (strongly alkaline), > 9 
Rooting depth (cm) VS (very shallow), < 15; S (shallow), 15–30; MS (moderately shallow), 30–50;  
M (moderate), 50–80; D (deep), 80–150; VD (very deep), > 150  
Soil water storage (mm/m for  
0–100 cm or the rooting depth) 
EL (extremely low), < 30; VL (very low), 30–50; L (low), 50–70; ML (moderately 
low), 70–100; M (moderate), 100–140 ; H (high), > 140 mm/m  
Soil workability & trafficability G (good); F (fair); P (poor); VP (very poor) 
Subsurface compaction 
susceptibility  
L (low); M (moderate); H (high) 
Surface salinity  N (nil); S (slight); M (moderate); H (high); E (extreme) 
Surface soil structure decline 
susceptibility  
L (low); M (moderate); H (high) 
Water erosion hazard VL (very low); L (low); M (moderate); H (high); VH (very high); E (extreme) 
Water repellence susceptibility  N (nil); L (low); M (moderate); H (high) 
Waterlogging/inundation risk  N (nil); VL (very low); L (low); M (moderate); H (high); VH (very high) 
Wind erosion hazard L (low); M (moderate); H (high); VH (very high); E (extreme) 
For all qualities XX (not applicable or not assessed) 
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a)  
b)  
Figure 8 The dominant wheat productivity classes by a) map unit, and b) LGA 
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3.4 Land management constraints analysis 
Regional investment in remedial works needs to be prioritised so this analysis focuses where 
amelioration may be of benefit—that is, on land where there are three or fewer constraints. 
Multiple constrained land—land with four or more constraints where at least two of these 
constraints are major limitations that rank the land as fair or low productivity—and the areas 
of very low productivity (steep slopes, rock, swamps and highly saline land) have been 
excluded (Appendix E). However, further analysis of multiple constrained land may identify 
some groups of multiple constraints that could still be economic to overcome. For example, 
many sandy surfaced soils are susceptible to wind and water erosion, subsoil compaction 
risk, subsoil acidity, water repellence and have low soil water storage. Increasing soil organic 
matter and soil stability could reduce the impact of all of these constraints. Reporting of 
constraints on the very low productivity land is excluded because this class has severe 
constraints that are generally considered prohibitive to overcome for dryland cropping.  
This analysis does not consider the severity of constraint, the cost of amelioration or 
synergies between constraints that could be managed effectively together. Herbert (2009) 
describes the relative costs of each constraint; however, he uses the entire area of 
constrained land and does not discount land with multiple constraints, where remedial work 
may not improve yields significantly. More detailed models, such as APSIM, can be used to 
explore amelioration. 
The analysis does not report the area of minor constraints (those that restrict land to high or 
very high productivity) where there are major constraints (those that restrict land to fair or low 
productivity) that need to be overcome before there is a productivity gain. So, if an LMU has 
three constraints, two major and one minor, only the two major constraints are reported. If an 
LMU only has minor limitations, then these are reported. For example, if an LMU has 
moderate (M) surface salinity, it is classed as low productivity and is reported. If that same 
LMU also had high (H) susceptibility to subsurface compaction, this constraint is not reported 
because subsurface compaction is assumed to not limit the productivity and therefore the 
land can still be rated as very high productivity. If there is no moderate or higher surface 
salinity, or any other major constraint, then high susceptibility to subsurface compaction 
would be reported as a potential land management constraint. 
Not reporting minor constraints where major constraints occur is important because fair to 
low productivity land often has many limitations. For example, very low soil water storage is 
identified as a major constraint on a lot of land. Minor constraints are not reported on the 
same land because it is sensible to overcome any major constraints to yield before 
addressing minor problems. However, very low soil water storage may be uneconomic to 
overcome so other strategies can be implemented, such as good species selection and good 
management (for example, plant density) to reduce the impact of very low water storage on 
yield, but not remove it. In this case amelioration of minor constraints may still improve yield 
but it is likely to be a smaller improvement compared to land with fewer constraints to begin 
with. Hence it’s likely to be important to analyse land with multiple constraints in more detail 
in some regions. 
Table 11 lists the main LMUs in each rainfall region. It is perhaps most useful for looking for 
LMUs that are recogniseable on a farm and while smaller LMUs are not listed, there is a 
good chance that a similar LMU will be recognised. In the high rainfall region the dominant 
LMU is Gravels, neutral and porous in an elevated position which has pH and subsurface 
compaction as important management considerations. Interestingly many high productivity 
LMUs share pH as a consideration and may also be affected by subsoil compaction. In all 
the rainfall regions, the dominant LMUs have pH combined, soil water storage or wind 
erosion risk as the most extensive constraints. 
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The proportion of agricultural land in each LGA with constraints associated with the LMUs 
are summarised for each LGA (Figures 10–22, Table 12). These maps show a constraint 
(major or minor) being present and how widespread it is in each LGA. In all LGAs, regardless 
of rainfall regioin, pH combined and soil water storage are the most widespread constraints, 
with subsurface compaction or wind erosion risk being the next most widespread. 
Appendix F lists the LMUs that cover at least five per cent of any LGA, the associated 
constraints and wheat productivity classes. For example, Albany has six main LMUs, the 
most widespread of which is Pale sands, good sand effective duplex in an elevated position. 
This LMU is ranked as fair productivity class with water repellence affecting almost the entire 
LMU.  
Very high productivity land 
Figure 9 shows the proportion of very high productivity land in each LGA, with Boyup Brook 
LGA having more than 40 per cent of its agricultural land classed as very high (Appendix F). 
The dominant LMUs in this class in the high rainfall region are Gravels, neutral and porous, 
in an elevated position, Deep sandy duplexes, neutral and porous in an elevated position and 
Deep loamy duplexes & earths, neutral and porous in an elevated position (Table 11). 
Important management considerations include soil pH and subsurface compaction 
In the medium rainfall region, the dominant LMUs in the very high productivity class are 
Coloured sands to sandy earths, good sand very deep in an elevated position, and Coloured 
sands to sandy earths and Shallow sandy duplexes, both of which are neutral and porous in 
an elevated position. Important management considerations include soil pH, subsurface 
compaction and wind erosion risk. 
As mentioned earlier, high susceptibility to subsurface compaction and structure degradation, 
high wind and high water erosion risk and where pH (water) is less than 6 are included as 
management constraints that do not lower the wheat productivity class. So while these LMUs 
have these management considerations, they are still deemed to be very high productivity 
land, if these susceptibilities are managed. 
 
Figure 9 The proportion of very high productivity land in each LGA 
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pH 
Most of the pH limitations reported are related to topsoil and subsoil acidity, though some 
highly alkaline subsoils do occur, particularly in the south-east of the study area. Although 
the modelled information is based on measured data, pH is highly variable even within the 
same soil because it depends on specific paddock management. It should be noted that 
measured pH records are more than 10 years old and many areas have continued to acidify.  
All of the LGAs except three have at least 10 per cent of the land available for agriculture 
having pH limitation in the topsoil and/or subsoil (Figure 10). Most of the study area has at 
least 10 per cent of the agricultural land with topsoil pH limiting productivity and the high 
rainfall LGAs of Boddington and Boyup Brook have more than 40 per cent of their agricultural 
land limited (Figure 11a, Table 12). About one-quarter of the LGAs in the high and medium 
rainfall regions have at least 10 per cent of their agricultural land with subsoil pH limiting 
productivity (Figure 11b). In the high rainfall region, the LMU most affected by pH is Gravels, 
neutral and porous in an elevated position, and in the medium rainfall region the LMU most 
affected is Deep sandy duplex, good sand in an elevated position (Table 11). 
 
Figure 10 The proportion of land in each LGA with pH limitation in topsoil and subsoil 
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a)  
b)  
Figure 11 The proportion of land in each LGA where pH limits productivity in a) topsoil, and b) subsoil 
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Soil water storage 
Most of the study area has very low soil water storage, where water storage is 30–50 mm/m 
or to the depth where roots are physically restricted. Some areas of low (50–70 mm/m) water 
storage are also included as a minor limitation in areas of high productivity. Soil water 
storage is the most widespread constraint in the medium rainfall region and the second most 
widespread constraint in the high and low rainfall regions (Table 12). 
The main LMUs in the high and medium rainfall region where soil water storage is the main 
constraint include Shallow sandy duplexes, poor subsoil in an elevated position, and Deep 
sandy duplexes, good sand in an elevated position (Table 11). Toodyay, Esperance and 
Ravensthorpe LGAs have more than 40 per cent of their agricultural land limited by soil water 
storage (Figure 12, Table 12). 
 
Figure 12 The proportion of land in each LGA with soil water storage limiting productivity 
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Subsurface compaction 
Subsurface compaction is not measured; it is a susceptibility calculated using texture, 
structure and coarse fragments. The degree of compaction will vary with management and 
the levels of subsurface compaction are not monitored.  Only a proportion of the land area 
shown will be compacted. 
The main LMU affected by subsurface compaction in the high rainfall region is Gravels, 
neutral and porous in an elevated position. In the medium and low rainfall regions, the 
Coloured sand to sandy earths, neutral and porous in an elevated position are the most 
affected LMUs (Table 11). The high rainfall LGAs of Boddington, Boyup Brook, Cuballing and 
Wandering have more than 40 per cent of their agricultural land being susceptible to 
subsurface compaction (Figure 13, Table 12). 
 
Figure 13 The proportion of land in each LGA highly susceptible to subsurface compaction 
Wheat yield potential and land management constraints 
25 
Wind erosion 
Wind erosion is reported as an estimate of land at risk so not all of the area reported will be 
eroded. Measured wind erosion events are not available so the analysis uses soil type and 
landscape position which influences risk; for example, exposed land has a higher risk.  
Wind erosion reduces productivity because the fertile topsoil layer is lost. Additionally, areas 
with very high or extreme wind erosion risk can be a direct production consideration because 
of direct wind damage to crops.   
In the high and low rainfall regions gravel LMUs in elevated positions that have loose sandy 
surface topsoil are most susceptible to wind erosion (Table 11). In the medium rainfall region, 
Deep sandy duplexes, good sand in an elevated position and Coloured sands to sandy 
earths, good sand very deep in an elevated position are susceptible.  
Nearly 40 per cent of the Chapman Valley LGA is susceptible to wind erosion. Other LGAs 
with more than 20 per cent of the agricultural land susceptible are Gingin, Esperance, 
Ravensthorpe, Irwin, Northampton and Mullewa (Figure 14, Table 12). 
 
Figure 14 The proportion of land in each LGA with high or very high wind erosion risk 
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Waterlogging risk 
The assessment of waterlogging is strongly influenced by landscape position. Apart from 
some small areas of hillside seeps, waterlogging only occurs in low landscape positions. 
Waterlogging is less of a problem in the high rainfall region because there is more elevated 
and sloping land, and most problematic in the less elevated low rainfall region. Nearly two-
thirds of the LGAs in the low rainfall region have 10–20 per cent of agricultural land having a 
waterlogging risk (Figure 15, Table 12).  
Wet swampy areas are a problem most seasons; however, waterlogging is an unusual 
problem because intermittently waterlogged areas can be beneficial in dry years or a major 
problem in wet years. In many cropping areas, waterlogging may also be associated with 
watertable salinity, which would remove the benefit of any additional water in drier years. 
The LMUs most at risk of waterlogging in the low rainfall region are Calcareous loamy earth, 
poor subsoil in an elevated position and Clays and shallow loamy duplexes, alkaline and low-
lying (Table 11). In the medium rainfall region, Deep sandy duplexes, good sand in an 
elevated position are at risk, as are Calcareous loamy earths, saline in an elevated position. 
Some of the susceptible LMUs are described as being in elevated positions. This apparent 
ambiguity occurs because the LMUs have been highly simplified and units described as 
elevated include well-drained flats and slopes of 1–3 per cent, which may be subject to low 
waterlogging risk. 
 
Figure 15 The proportion of land in each LGA with waterlogging risk being present 
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Surface salinity 
Areas with surface salinity limiting productivity are where the soil solution at the surface 
exceeds 400 mS/m. It relates to secondary salinity because it is associated with shallow 
watertables that have risen because of the clearing of deep-rooted vegetation. Other than 
relatively small areas of saline hillside seeps, saline land occurs in lower landscape 
positions. 
This analysis does not consider clay soils with low hydraulic conductivities where salts have 
accumulated over time, particularly in areas of low rainfall where profiles are not regularly 
‘flushed’. 
Surface salinity is most problematic in the low rainfall region with nearly 10 per cent of its 
agricultural land limited by salinity (Table 12). More than 20 per cent of the agricultural land 
in the Mount Marshall and Mukinbudin LGAs are affected (Figure 16). Salinity is a relatively 
minor constraint in the high rainfall region. 
Some saline LMUs are considered to have very low productivity and are not reported. In the 
low rainfall region, Coloured sands to sandy earths, rock substrate in an elevated position 
and Calcareous loamy earths with poor subsoil or saline, in an elevated position are most 
affected. In the medium rainfall region the main LMU affected by surface salinity is 
Calcareous loamy earth, saline in an elevated position (Table 11). 
 
Figure 16 The proportion of land in each LGA with surface salinity limiting productivity 
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Soil structure decline 
Susceptibility of soil structure decline is not measured; it is a susceptibility calculated using 
the texture, structure, estimates of slaking and dispersion, electrical conductivity, 
exchangeable sodium percentage and organic matter. The degree of decline will vary with 
management and only a proportion of the land area shown will be severely degraded. 
Soil structure decline is most problematic in the north-eastern part of the low rainfall region 
with nearly 10 per cent of its agricultural land susceptible. Nearly one-quarter of the Morawa 
and Mullewa LGAs may be affected (Figure 17, Table 12). The main LMUs susceptible are 
Shallow and stony soils, loam to clay in an elevated position and most of the Clays and 
shallow loamy duplexes in elevated positions (Table 11). 
 
Figure 17 The proportion of land in each LGA that is highly susceptible to soil structure decline  
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Water repellence 
Sandy soils are the most susceptible to developing water repellence.  Many sandy soils with 
high water repellence will have other problems common to sandy soils, such as low water 
storage, subsurface compaction, subsoil acidity and wind erosion risk.  Because sandy soils 
commonly have multiple constraints, the area where water repellence work may be important 
for improving crop yield could be underestimated and further analysis of land with multiple 
constraints may be warranted. 
Water repellence is the least widespread constraint in the low rainfall region, whereas Irwin 
LGA in the medium rainfall region has one-quarter of its agricultural land highly susceptible 
(Figure 18, Table 12). LMUs where water repellence is the dominant constraint in both the 
high and medium rainfall region are those with Pale sands (Table 11). 
 
Figure 18 The proportion of land in each LGA highly susceptible to water repellence 
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Profile permeability 
Areas where profile permeability is rapid (generally more than 130 mm/h) was used to 
identify areas where rapidly drained deep sands and gravels occur. These areas have 
surface layers that can dry quickly and will not be identified as having low soil water storage 
because the rooting depths are deep. 
Profile permeability is most problematic in the northern parts of the study area. 
Northhampton LGA has 31 per cent and Chapman Valley LGA has one-quarter of its 
agricultural land limited (Figure 19, Table 12).  
LMUs where rapid profile permeability is the dominant constraint in both the high and 
medium rainfall region are those with Coloured sands to sandy earths (Table 11). Other 
LMUs that may have rapid permeability include Pale sands and Deep sandy gravels but 
these LMUs are not reported because they will have other constraints common to poor sandy 
soils. 
 
Figure 19 The proportion of land in each LGA with profile permeability limiting productivity 
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Water erosion 
Water erosion is a risk rating and well-managed land is not likely to erode. There are two 
issues affecting the assessment of water erosion risk: 
• The areas of sloping land estimated from the map unit database were compared to the 
Land Monitor digital elevation model. It was found that the area of land with slopes greater 
than five per cent, which is used in the assessment of erosion risk, is underestimated by 
15–30 per cent in the high rainfall region, leading to an overestimation of the amount of 
very high productivity land in the hatched region (Figure 20).  
• Tramline farming, which is a growing practice, typically involves farming along the longest 
line, which is usually up and down the slope, and earthworks to manage water flow are 
generally incompatible with this system. Consequently, any land with a moderate or higher 
erosion risk will have increased risk. 
Moderate to high water erosion risk is considered a non-limiting management constraint and 
so the main LMUs affected are similar to those described for very high productivity land in 
the high rainfall region—Gravels and Deep sandy duplexes, both neutral and porous in an 
elevated position. In the medium and low rainfall regions, the LMUs most at risk are 
Calcareous loamy earths in the elevated positon (Table 11). In these two regions, the total 
amount of erosion risk is less than as in the high rainfall region because there is less sloping 
land (Appendix G). The high rainfall LGAs of Boddington, Boyup Brook, Wandering and 
Williams have more than 20 per cent of their agricultural land at risk of water erosion 
(Figure 20, Table 12). 
 
Figure 20 The proportion of land in each LGA at risk of water erosion limiting productivity 
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Workability and trafficability 
In the high rainfall region soil workability and trafficability are a problem because of rock 
outcrops and sloping land. In the medium rainfall region shallow soils over rock and areas of 
rock outcrop, as well as sticky clay soils subject to waterlogging (LMUs with clays and 
shallow loamy duplexes) have these issues.  
In the high and medium rainfall region the main LMU with these problems is Shallow and 
stony soils, good sand in an elevated position. The low rainfall region has the largest area 
with these problems in the Coloured sands to sandy earths and Deep loamy duplexes and 
earths, with rock substrate in an elevated position (Table 11). Morawa LGA in the low rainfall 
region has one-quarter of agricultural land limited by this constraint and Boddington, 
Wandering and Williams LGAs have 10–20 per cent (Figure 21, Table 12). 
 
Figure 21 The proportion of land in each LGA where soil workability and trafficability limits productivity 
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Rooting depth 
This constraint shows land where physical limitations for rooting depth are generally less 
than 30 cm, thereby limiting productivity to fair or low. Rooting depth does not consider 
chemical restrictions, such as pH, salinity, subsurface compaction or degradation 
susceptibility.   
Rooting depth is the least widespread constraint in the high and medium rainfall regions and 
it is mainly a problem in the far north of the study area. Mullewa LGA has 21 per cent of its 
agricultural land affected by rooting depth and Morawa and Chapman Valley LGAs have 
about 15 per cent (Figure 22, Table 12). 
The main LMU where shallow rooting depth is the dominant constraint in the high rainfall 
region is Shallow and stony soils, very shallow in an elevated position. In the medium and 
low rainfall regions the main LMUs affected also include Shallow and stony soils, loam to 
clay in an elevated position (Table 11). 
 
Figure 22 The proportion of land in each LGA with rooting depth limiting productivity 
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Table 11 LMUs covering more than 50 000 ha and their productivity class and associated constraints  
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H VHP 469 Gravels NEU ELV 469 – – 461 461 – – 440 93 – – – – – 80 – – 
H VHP 128 Deep sandy duplexes NEU ELV 114 – – 72 59 13 – 53 7 – – – – – 36 – – 
H VHP 126 Deep loamy duplexes & earths NEU ELV 113 – – 67 67 – – 83 – – – – – – 22 – – 
H VHP 117 Clays & shallow loamy duplexes NEU ELV 79 – – 56 56 – – – – – – 23 – – 31 – – 
H VHP 68 Deep loamy duplexes & earths RKM ELV 15 – – – – – – 15 – – – – – – 7 – – 
H VHP 62 Deep sandy duplexes PS ELV 62 – – 62 62 62 – 62 4 – – – – – 9 – – 
H VHP 51 Coloured sands to sandy earths NEU ELV 51 – – 42 42 – – 51 – – – – – – 1 – – 
H HPdx 84 Deep sandy duplexes GS ELV – – – 84 84 9 84 – 2 4 – – – – – – – 
H HPdx 51 Deep sandy duplexes RKM ELV – – – 4 4 4 51 51 – – – – – – – – – 
H HP 55 Gravels GSR ELV – – – – – – 55 55 30 – – – – – – – – 
H FPdx 190 Shallow sandy duplexes PSS ELV – – 58 – – – 132 – – – – – – – – – – 
H FPdx 100 Shallow sandy duplexes PSS LLY – – 97 – – – 3 – – – – – – – – – – 
H FPdx 85 Deep sandy duplexes PS ELV – – 84 – – – 2 – – – – – 2 – – – – 
H FPdx 77 Clays & shallow loamy duplexes PSS ELV – – – – – – 77 – – – – – – – – – – 
H FPdx 70 Deep sandy duplexes GS ELV – – – – – – 70 – – – – – – – – – – 
H FPdx 67 Deep sandy duplexes PS LLY – – 63 – – – – – – 4 – – – – – – – 
H FP 83 Coloured sands to sandy earths GSV ELV – – – – – – 15 – 20 – – – – 60 – – – 
H FP 82 Coloured sands to sandy earths PSV ELV – – – – – – 25 – 22 – – – – 82 – – – 
H FP 63 Shallow sandy duplexes PSS ELV – – 16 – – – 47 – – – – – – – – – – 
H FP 53 Pale sands GSV ELV – – – – – – – – 12 – – – 53 – – – – 
H FP 53 Gravels GSE ELV – – 3 – – – 50 – – – – – 2 – – – – 
H LP 120 Pale sands PSV ELV – – 120 – – – – – – – – – – – – – – 
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H LP 115 Deep sandy duplexes PS ELV – – 115 – – – – – – – – – – – – – – 
H LP 88 Shallow & stony soils GS ELV – – – – – – 72 – – – – – – – – 15 – 
H LP 75 Deep sandy duplexes PS LLY – – 75 – – – – – – – – – – – – – – 
H LP 74 Shallow & stony soils VSH ELV – – 55 – – – 19 – – – – – – – – – 19 
H LP 68 Saline DSD LLY – – 50 – – – – – – 17 17 – – – – – – 
H LP 55 Gravels PSV ELV – – 54 – – – 1 – – – – – 1 – – – – 
H VLP 104 Wet soils UDF LLY – 104 – – – – – – – – – – – – – – – 
H VLP 69 Bare rock UDF ELV – 69 – – – – – – – – – – – – – – – 
H  1894 remainder   137 238 523 384 291 198 483 317 163 205 112 69 167 1 144 99 – 
Total H 4796    1158 411 1313 1232 1126 287 1187 1128 352 231 129 92 225 143 329 114 19 
M VHP 174 Coloured sands to sandy earths GSV ELV 174 – – – – – – 174 156 – – – – – 1 – – 
M VHP 155 Coloured sands to sandy earths NEU ELV 155 – – 147 147 – – 155 27 – – – – – – – – 
M VHP 116 Shallow sandy duplexes NEU ELV 111 – – 109 109 – – 13 67 – – – – – 20 – – 
M VHP 101 Deep sandy duplexes NEU ELV 80 – – 64 49 14 – 31 6 – – – – – 1 – – 
M VHP 96 Gravels NEU ELV 96 – – 91 91 – – 96 31 – – – – – 2 – – 
M VHP 80 Deep loamy duplexes & earths NEU ELV 58 – – 46 46 – – 45 – – – – – – 1 – – 
M VHP 55 Deep sandy duplexes PS ELV 55 – – 55 55 55 – 55 1 – – – – – 2 – – 
M VHP 54 Clays & shallow loamy duplexes NEU ELV 27 – – 14 14 – – 1 – – – 13 – – 3 – – 
M HPdx 305 Deep sandy duplexes GS ELV – – – 305 305 263 305 1 246 104 – – – – – – – 
M HPdx 54 Gravels NEU ELV – – – 54 54 5 54 – – 15 – – – – – – – 
M HP 179 Calcareous loamy earth SAL ELV – – – 179 – 179 179 – – 101 179 – – – 30 – – 
M HP 88 Clays & shallow loamy duplexes ALK ELV – – – 82 – 82 7 – – 13 50 60 – – 15 – – 
M HP 69 Shallow & stony soils LM ELV – – – 4 – 4 69 – – 16 62 69 – – – – 64 
M HP 59 Clays & shallow loamy duplexes RKM ELV – – – – – – 56 – – – – 59 – – 16 3 – 
M FPdx 678 Shallow sandy duplexes PSS ELV – – 124 – – – 554 – – – – – – – – – – 
M FPdx 280 Clays & shallow loamy duplexes PSS ELV – – – – – – 280 – – – – – – – – – – 
M FPdx 121 Deep sandy duplexes PS ELV – – 115 – – – 6 – – – – – 6 – – – – 
M FPdx 97 Shallow sandy duplexes PSS LLY – – 90 – – – 8 – – – – – – – – – – 
M FPdx 59 Deep sandy duplexes PS LLY – – 56 – – – – – – 2 – – – – – – – 
(continued next page)
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Table 11 (continued)  
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M FPdx 50 Clays & shallow loamy duplexes PSS LLY – – 46 – – – 4 – – – – – – – – – – 
M FP 291 Coloured sands to sandy earths GSV ELV – – – – – – 11 – 115 – – – – 269 – – – 
M FP 247 Pale sands GSV ELV – – 1 – – – – – 49 – – – 242 – – – – 
M FP 127 Coloured sands to sandy earths PSV ELV – – 11 – – – 5 – 22 – – – – 115 – – – 
M FP 68 Pale sands PSR ELV – – 55 – – – – – – – – – 13 – – – – 
M FP 56 Pale sands GSE ELV – – – – – – – – 50 – – – 53 – – – – 
M FP 56 Shallow & stony soils GS ELV – – 16 – – – 41 – 7 – – – – – – – – 
M FP 55 Shallow sandy duplexes PSS ELV – – 6 – – – 49 – – – – – 2 – – – – 
M FP 55 Pale sands PSV ELV – – 55 – – – – – – – – – – – – – – 
M LP 156 Pale sands PSV ELV – – 156 – – – – – – – – – – – – – – 
M LP 106 Shallow & stony soils VSH ELV – – 85 – – – 21 – – – – – – – – – 21 
M LP 74 Coloured sands to sandy earths ACD ELV – – 74 – – – – – – – – – – – – – – 
M LP 66 Shallow & stony soils GS ELV – – 9 – – – 49 – – – – – – – – 9 – 
M LP 53 Saline LM LLY – – 53 – – – – – – – – – – – – – – 
M VLP 82 Saline UDF NAR – 82 – – – – – – – – – – – – – – – 
M  2122 remainder   133 339 385 435 299 308 685 377 312 270 131 133 108 2 80 109 3 
Total M 6487    965 421 1338 1585 1170 911 2382 946 1092 521 423 334 424 387 172 121 88 
L VHP 216 Coloured sands to sandy earths NEU ELV 216 – – 209 209 – – 216 29 – – – – – – – – 
L VHP 139 Coloured sands to sandy earths GSV ELV 139 – – – – – – 139 96 – – – – – – – – 
L VHP 125 Deep loamy duplexes & earths NEU ELV 112 – – 94 94 – – 97 – – – – – – – – – 
L VHP 117 Deep loamy duplexes & earths ALK ELV 31 – – – – – – 16 – – – 16 – – – – – 
L VHP 116 Deep sandy duplexes PS ELV 116 – – 116 116 116 – 116 9 – – – – – 2 – – 
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L VHP 86 Gravels NEU ELV 86 – – 81 81 – – 86 17 – – – – – – – – 
L VHP 72 Deep loamy duplexes & earths PSS ELV 72 – – 17 17 – – 51 – – – 36 – – – – – 
L VHP 68 Shallow & stony soils LM ELV 10 – – – – – – 10 – – – – – – – – – 
L VHP 55 Deep sandy duplexes NEU ELV 55 – – 21 20 1 – 35 1 – – – – – – – – 
L HPdx 149 Clays & shallow loamy duplexes RKM ELV – – – 140 – 140 13 – – 1 5 145 – – 28 – – 
L HPdx 59 Deep sandy duplexes GS ELV – – – 59 59 4 59 – 3 3 – – – – – – – 
L HPdx 52 Shallow sandy duplexes RKM ELV – – – 38 38 38 52 14 1 – – 38 – – – – – 
L HP 200 Gravels ACD ELV – – – 200 200 200 – 200 191 – – – – – – – – 
L HP 169 Coloured sands to sandy earths RKM ELV – – – 24 19 4 21 169 – 40 149 2 – – – 169 – 
L HP 166 Shallow & stony soils LM ELV – – – 23 – 23 163 – – 35 62 163 – – 1 – 140 
L HP 112 Coloured sands to sandy earths ACD ELV – – – 112 112 112 39 105 33 – – – – – – – – 
L HP 89 Calcareous loamy earth PSS ELV – – – 89 – 89 89 – – 74 89 3 – – 33 – – 
L HP 80 Deep loamy duplexes & earths RKM ELV – – – 18 18 – – – – 17 – 15 – – – 80 – 
L HP 78 Calcareous loamy earth SAL ELV – – – 78 – 78 78 – – 49 78 – – – 31 – – 
L HP 75 Clays & shallow loamy duplexes ALK ELV – – – 66 – 66 10 – – 15 32 14 – – 8 – – 
L HP 52 Coloured sands to sandy earths GSR ELV – – – 51 51 – 52 41 52 – – – – – – – – 
L FPdx 334 Clays & shallow loamy duplexes PSS ELV – – – – – – 334 – – – – – – – – – – 
L FPdx 243 Shallow sandy duplexes PSS ELV – – 91 – – – 152 – – – – – – – – – – 
L FPdx 137 Shallow sandy duplexes PSS LLY – – 135 – – – 2 – – – – – – – – – – 
L FPdx 118 Deep sandy duplexes PS ELV – – 101 – – – 17 – – – – – 17 – – – – 
L FPdx 68 Deep sandy duplexes PS LLY – – 47 – – – – – – 20 – – – – – – – 
L FPdx 61 Clays & shallow loamy duplexes PSS LLY – – 54 – – – 6 – – – – – – – – – – 
L FP 166 Coloured sands to sandy earths GSV ELV – – – – – – – – 110 – – – – 159 – – – 
L FP 134 Calcareous loamy earth SAL LLY – – 134 – – – – – – – – – – – – – – 
L FP 117 Shallow & stony soils GS ELV – – 15 – – – 102 – 55 – – – – – – – – 
L FP 81 Clays & shallow loamy duplexes ALK LLY – – 9 – – – – – – 72 – – – – – – – 
L FP 67 Calcareous loamy earth PSS LLY – – 7 – – – – – – 60 – – – – – – – 
L FP 60 Calcareous loamy earth ALK ELV – – – 60 – 60 – – – – – – – – – – – 
L FP 52 Deep loamy duplexes & earths PSS LLY – – 3 – – – – – – 49 5 – – – – – – 
(continued next page)
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Table 11 (continued)  
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L LP 410 Coloured sands to sandy earths ACD ELV – – 410 – – – – – – – – – – – – – – 
L LP 113 Coloured sands to sandy earths PSS ELV – – 113 – – – – – – – – – – – – – – 
L LP 85 Saline LM LLY – – 85 – – – – – – – – – – – – – – 
L LP 77 Deep loamy duplexes & earths ACD ELV – – 77 – – – – – – – – – – – – – – 
L LP 53 Deep sandy duplexes RKM ELV – – – – – – 53 – – – – – 3 – – – – 
L VLP 127 Saline UDF NAR – 127 – – – – – – – – – – – – – – – 
L VLP 76 Clays & shallow loamy duplexes SAL LLY – 76 – – – – – – – – – – – – – – – 
L VLP 66 Bare rock UDF ELV – 66 – – – – – – – – – – – – – – – 
L VLP 54 Shallow & stony soils VSH NAR – 54 – – – – – – – – – – – – – – – 
L  1813 remainder   121 351 327 428 263 276 579 234 220 285 163 166 61 9 88 61 38 
Total L 6786    1115 673 1609 1921 1295 1207 1822 1529 818 722 582 598 81 168 189 310 179 
Total H,M,L 18069    3238 1506 4320 4738 3591 2405 5368 3603 2262 1435 1114 1024 718 697 690 545 277 
* The broad soil groups, soil qualifier groups and land unit groups are defined in Appendix B 
** Productivity class: VHP - very high productivity, HP- high productivity,  FP - fair productivity, LP - low productivity, VLP – is very low productivity (or not productive land).  
The dx subscript indicates duplex (sand over clay).  See table 9 for further definition of the productivity groups. 
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Table 12 Area (‘000 ha) and proportion of agricultural land in each LGA with constraints for wheat cropping 
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H Albany 313 66 21 6 2 84 27 45 14 28 9 29 9 < 1 0 1 0 61 20 < 1 0 13 4 7 2 < 1 0 
H Beverley 171 33 19 11 6 41 24 37 22 4 3 4 2 5 3 5 3 7 4 1 1 9 5 2 1 < 1 0 
H Boddington 60 25 42 7 12 10 17 25 42 3 5 3 5 2 3 < 1 1 3 4 < 1 0 18 30 11 18 < 1 0 
H Boyup Brook 178 79 45 6 3 23 13 79 44 6 3 15 9 2 1 < 1 0 8 4 < 1 1 40 23 16 9 < 1 0 
H Brookton 140 32 23 17 12 26 18 33 24 16 12 5 4 2 1 4 3 < 1 1 1 1 5 4 2 2 < 1 0 
H Broomehill 115 20 17 10 8 40 35 15 13 6 5 5 4 8 7 4 4 < 1 0 1 1 3 3 < 1 0 < 1 0 
H Chittering 78 22 29 3 3 13 17 25 32 6 8 2 3 2 2 < 1 1 4 5 2 3 5 7 6 8 1 2 
H Cranbrook 240 66 27 6 3 50 21 45 19 7 3 16 6 1 1 < 1 0 5 2 1 1 21 9 5 2 3 1 
H Cuballing 103 32 31 14 14 15 15 45 43 4 4 6 6 8 8 4 4 1 1 < 1 0 14 14 5 5 < 1 0 
H Dandaragan 393 68 17 13 3 55 14 77 20 72 18 15 4 < 1 0 3 1 39 10 74 19 2 0 1 0 3 1 
H Gingin 150 9 6 4 2 36 24 11 8 34 23 14 9 < 1 0 < 1 0 16 10 31 21 2 1 < 1 1 < 1 0 
H Gnowangerup 370 62 17 46 12 115 31 39 11 19 5 12 3 38 10 20 6 8 2 < 1 0 13 3 1 0 < 1 0 
H Katanning 141 20 14 9 6 44 31 16 11 9 6 5 3 6 4 1 1 3 2 2 2 3 2 < 1 0 < 1 0 
H Kojonup 275 82 30 13 5 76 28 81 30 23 8 8 3 3 1 4 2 3 1 3 1 34 12 2 1 < 1 0 
H Narrogin 144 33 23 10 7 35 24 41 29 7 5 7 5 4 3 2 2 3 2 < 1 1 6 4 3 2 < 1 0 
H Northam 118 18 16 5 4 47 40 40 34 8 7 2 1 3 2 5 4 4 3 < 1 0 7 6 < 1 1 < 1 0 
H Pingelly 120 33 27 20 17 28 23 37 31 9 8 4 4 4 3 2 2 < 1 0 < 1 1 3 3 3 2 < 1 0 
(continued next page) 
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Table 12 (continued) 
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H Plantagenet 302 75 25 13 4 92 30 58 19 10 3 31 10 1 0 1 0 22 7 < 1 0 20 7 7 2 7 2 
H Tambellup 136 23 17 10 7 40 30 16 12 6 4 4 3 8 6 4 3 2 2 2 1 3 3 < 1 0 < 1 0 
H Toodyay 91 13 15 3 3 39 42 36 40 11 12 < 1 1 2 2 4 4 4 4 < 1 0 6 7 < 1 1 < 1 0 
H Victoria Plains 238 79 33 7 3 37 16 78 33 15 6 14 6 5 2 9 4 8 4 10 4 4 2 9 4 1 1 
H Wagin 184 27 15 13 7 60 32 24 13 15 8 4 2 5 3 2 1 3 2 3 1 6 3 < 1 0 < 1 0 
H Wandering 85 31 37 10 12 14 16 35 42 3 4 4 5 4 5 2 3 3 3 < 1 0 19 22 9 11 < 1 0 
H West Arthur 219 69 32 4 2 50 23 62 28 14 7 11 5 3 1 2 1 3 1 4 2 26 12 5 2 < 1 0 
H Williams 172 61 36 17 10 32 18 65 38 5 3 6 4 7 4 4 2 6 4 < 1 0 37 22 18 11 < 1 0 
H Woodanilling 107 16 15 5 4 31 29 13 13 6 6 3 3 1 1 1 1 < 1 1 2 2 3 3 < 1 0 < 1 0 
H York 153 32 21 8 5 55 36 48 31 5 3 2 1 4 3 5 3 6 4 1 1 7 5 < 1 0 < 1 0 
Total high rainfall 4796 1126 24 287 7 1187 25 1128 26 352 7 231 4 129 3 92 2 225 4 143 2 329 7 114 3 19 0 
M Carnamah 183 28 15 16 9 19 11 45 25 18 10 32 17 3 2 4 2 10 5 19 11 1 1 5 2 < 1 0 
M Chapman Valley 299 34 11 8 3 91 30 116 39 112 38 13 4 41 14 54 18 < 1 0 73 24 13 4 6 2 43 14 
M Coorow 272 54 20 18 7 39 14 76 28 38 14 27 10 3 1 6 2 17 6 41 15 1 0 6 2 < 1 0 
M Corrigin 263 66 25 59 22 90 34 52 20 37 14 13 5 6 2 18 7 3 1 3 1 1 0 3 1 < 1 0 
M Cunderdin 186 41 22 13 7 54 29 37 20 8 4 3 2 7 4 6 3 6 3 4 2 1 1 3 2 4 2 
M Dumbleyung 237 34 14 29 12 80 34 30 13 25 11 8 4 17 7 2 1 3 1 1 1 8 3 < 1 0 1 0 
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M Esperance 1467 284 19 376 26 1030 70 2 0 352 24 226 15 159 11 13 1 196 13 < 1 0 66 4 17 1 < 1 0 
M Goomalling 180 45 25 11 6 42 23 46 25 7 4 8 4 3 2 4 2 2 1 2 1 3 1 3 2 1 1 
M Greenough 157 15 9 16 10 42 27 59 38 30 19 8 5 < 1 0 12 8 13 8 9 6 20 13 14 9 < 1 0 
M Irwin 131 9 7 5 4 26 20 16 13 31 23 3 2 2 1 < 1 0 32 25 16 12 0 0 < 1 0 < 1 0 
M Jerramungup 431 98 23 31 7 128 30 21 5 26 6 39 9 14 3 22 5 16 4 < 1 0 2 0 2 0 < 1 0 
M Kent 432 59 14 55 13 137 32 41 9 39 9 16 4 33 8 12 3 6 1 1 0 7 2 < 1 0 < 1 0 
M Mingenew 183 12 6 38 21 34 19 39 21 33 18 7 4 32 18 39 21 26 14 15 8 4 2 4 2 6 3 
M Moora 347 84 24 8 2 63 18 96 28 29 8 15 4 22 6 20 6 9 2 27 8 1 0 20 6 3 1 
M Northampton 374 17 4 2 0 124 33 38 10 93 25 9 2 18 5 65 17 27 7 117 31 14 4 24 6 26 7 
M Quairading 197 39 20 32 16 45 23 46 23 10 5 8 4 6 3 6 3 6 3 5 3 2 1 < 1 0 < 1 0 
M Ravensthorpe 401 103 26 81 20 186 46 10 3 109 27 28 7 22 6 10 2 30 7 < 1 0 20 5 1 0 < 1 0 
M Three Springs 222 30 14 29 13 32 14 46 21 34 15 12 5 7 3 10 5 17 8 30 13 1 0 5 2 < 1 0 
M Wickepin 198 52 26 39 20 68 34 37 19 17 9 5 3 8 4 3 1 3 2 2 1 3 2 < 1 0 < 1 0 
M Wongan-Ballidu 327 66 20 44 13 53 16 93 29 44 14 41 13 19 6 29 9 < 1 0 20 6 3 1 7 2 < 1 0 
Total medium rainfall 6487 1170 17 911 12 2382 28 946 19 1092 15 521 6 423 5 334 6 424 6 387 7 172 3 121 2 88 2 
L Bruce Rock 260 44 17 55 21 76 29 61 23 17 6 12 5 22 8 11 4 9 4 4 2 0 0 < 1 0 < 1 0 
L Dalwallinu 544 115 21 89 16 108 20 164 30 83 15 70 13 60 11 62 11 2 0 19 4 14 3 26 5 6 1 
L Dowerin 182 31 17 46 25 35 19 39 21 24 13 20 11 11 6 22 12 < 1 0 5 3 3 2 8 5 2 1 
L Kellerberrin 184 36 20 17 9 63 34 28 15 7 4 21 11 10 6 6 4 5 3 3 1 1 1 2 1 < 1 1 
L Kondinin 380 119 31 57 15 108 28 123 32 42 11 25 7 13 3 15 4 2 1 < 1 0 3 1 2 0 < 1 0 
L Koorda 252 27 11 55 22 29 12 37 15 37 15 39 16 36 14 28 11 < 1 0 16 6 11 4 15 6 2 1 
L Kulin 429 126 29 69 16 131 30 113 26 52 12 23 5 11 3 15 4 16 4 2 0 7 2 3 1 < 1 0 
L Lake Grace 807 160 20 126 16 239 30 131 16 73 9 44 5 60 7 14 2 9 1 4 0 17 2 7 1 < 1 0 
L Merredin 304 71 23 35 12 115 38 53 17 20 7 23 8 17 6 14 5 6 2 4 1 3 1 7 2 6 2 
(continued next page) 
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Table 12 (continued) 
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L Morawa 256 19 7 29 11 99 39 42 17 33 13 51 20 19 8 60 23 < 1 0 < 1 0 18 7 64 25 38 15 
L Mount Marshall 413 55 13 118 28 71 17 86 21 68 16 84 20 93 23 51 12 < 1 0 24 6 37 9 42 10 4 1 
L Mukinbudin 252 32 13 83 33 44 18 53 21 39 15 50 20 55 22 34 13 < 1 0 11 4 28 11 23 9 2 1 
L Mullewa 467 52 11 37 8 173 37 120 26 135 29 32 7 50 11 115 25 10 2 49 10 8 2 40 9 96 21 
L Narembeen 370 102 28 64 17 140 38 100 27 34 9 18 5 22 6 14 4 5 1 3 1 0 0 2 1 < 1 0 
L Nungarin 99 11 11 23 23 17 17 16 17 10 11 16 17 11 11 11 11 < 1 0 2 2 5 5 7 7 < 1 0 
L Perenjori 358 75 21 82 23 70 19 91 25 41 11 30 8 9 2 44 12 < 1 0 < 1 0 9 3 24 7 15 4 
L Tammin 107 22 20 8 8 34 32 17 16 4 4 8 8 4 4 3 3 2 2 1 1 1 1 2 2 2 2 
L Trayning 158 25 16 35 22 30 19 32 20 20 12 22 14 15 9 16 10 < 1 1 4 2 6 4 11 7 1 1 
L Westonia 220 35 16 53 24 47 21 54 24 18 8 40 18 28 13 25 12 1 1 3 1 9 4 13 6 1 1 
L Wyalkatchem 155 23 15 32 20 28 18 29 18 18 12 17 11 12 7 15 10 < 1 0 3 2 5 3 8 5 2 1 
L Yilgarn 591 117 20 94 16 164 28 141 24 44 8 75 13 24 4 21 4 11 2 11 2 4 1 4 1 < 1 0 
Total low rainfall 6786 1295 18 1207 18 1822 26 1529 22 818 11 722 11 582 9 598 9 81 1 168 2 189 3 310 5 179 2 
Total 18069 3591 20 2405 13 5390 30 3603 20 2262 13 1473 8 1134 6 1024 6 730 4 698 4 690 4 546 3 286 2 
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Appendix A: The yield equation 
The equation used in the regional crop yield model is: 
[a]*(([g_rain]*[z])^2)+([b]*[z])*[g_rain]+[intercept] 
where [a] and [b] are values for a best fit polynomial equation for each temperature 
region (Table A1)  
g_rain is the growing season rainfall (April–October + 20 per cent of summer rainfall)h 
intercept is the y-axis (yield) intercept 
[z] is an adjustment factor for duplex soils 
Table A1 lists the numbers that fit the yield equation for each wheat productivity class in each 
temperature region. The equations and the rainfall data were then used to calculate yields for 
each wheat productivity class. These yields were then summarised to LGAs to determine an 
average yield gap for each LGA. 
Table A1 Yield equation numbers for the seven classes of wheat land in the three temperature regions 
Region Productivity class Crop [a] [b] [z] [Intercept] 
Warm Very high wheat -0.0322 29.1 1 -1770 
 High wheat -0.0292 26 1 -2172 
 High duplex wheat -0.0292 26 1.3 -2172 
 Fair wheat -0.0209 18.4 1 -1354 
 Fair duplex wheat -0.0209 18.4 1.3 -1354 
 Low wheat -0.0157 13.7 1 -1094 
 Very low  wheat -0.0083 7.6 1 -700 
Mild Very high wheat -0.0326 31.3 1 -2000 
 High wheat -0.0313 27.4 1 -1976 
 High duplex wheat -0.0313 27.4 1.3 -1976 
 Fair wheat -0.0243 21.3 1 -1563 
 Fair duplex wheat -0.0243 21.3 1.3 -1563 
 Low wheat -0.0211 17.5 1 -1389 
 Very low wheat -0.0087 8.4 1 -700 
Cool Very high wheat -0.0327 32.6 1 -2000 
 High wheat -0.0264 25.9 1 -1832 
 High duplex wheat -0.0264 25.9 1.3 -1832 
 Fair wheat -0.0216 20.8 1 -1574 
 Fair duplex wheat -0.0216 20.8 1.3 -1574 
 Low wheat -0.016 15.1 1 -1200 
 Very low wheat -0.0091 8.4 1 -700 
                                               
h
  The growing season typically starts in May; however, April was used to account for existing soil 
moisture. 
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Appendix B: Regrouping of soil groups, soil group 
qualifiers and land units into land management units 
The land management units for dryland cropping used in this report are a combination of the 
three tables below and comprise a broad soil group, soil group qualifier and land unit group. 
Table B1 outlines the regrouping of 73 soil groups into 14 broad soil groups that could be 
managed similarly for cropping (Schoknecht 2002). 
Table B1 Broad soil groups 
Broad soil group WA soil groups 
Bare rock Bare rock 
Calcareous loamy earths Calcareous loamy earth 
Clays & shallow loamy 
duplexes 
Acid shallow duplex, Yellow/brown shallow loamy duplex, Red shallow loamy duplex, 
Cracking clays supergroup, Alkaline grey shallow loamy duplex, Grey non-cracking 
clay, Grey shallow loamy duplex, Hard cracking clay, Non-cracking clays supergroup, 
Red/brown non-cracking clay, Loamy duplexes supergroup, Self-mulching cracking 
clay, Alkaline red shallow loamy duplex 
Coloured sands to sandy 
earths 
Yellow sandy earth, Yellow deep sand, Sandy earths supergroup, Red sandy earth, 
Red deep sand, Brown deep sand, Acid yellow sandy earth, Brown sandy earth 
Deep loamy duplexes & 
earths 
Brown deep loamy duplex, Yellow loamy earth, Red loamy earth, Red deep loamy 
duplex, Loamy earths supergroup, Friable red/brown loamy earth, Brown loamy earth 
Deep sandy duplexes Yellow/brown deep sandy duplex, Red deep sandy duplex, Reticulite deep sandy 
duplex, Grey deep sandy duplex, Alkaline grey deep sandy duplex 
Gravels Loamy gravel, Ironstone gravelly soils supergroup, Duplex sandy gravel, Deep sandy 
gravel 
No information Water, Disturbed land, Tidal soil, Miscellaneous soils supergroup, No suitable group, 
Undifferentiated soils  
Pale sands Gravelly pale deep sand, Calcareous deep sand, Pale deep sand, Pale sandy earth, 
Deep sands supergroup 
Saline Salt lake soil, Saline wet soil 
Semi-wet soils Semi-wet soils 
Shallow & stony soils* Calcareous shallow sand, Stony soil, Yellow/brown shallow sand, Red shallow loam, 
Red shallow sand, Shallow sands supergroup, Calcareous stony soil, Calcareous 
shallow loam, Shallow loams supergroup, Red-brown hardpan shallow loam, Rocky or 
stony soils supergroup, Shallow gravel, Pale shallow sand 
Shallow sandy duplexes Red shallow sandy duplex, Grey shallow sandy duplex, Yellow/brown shallow sandy 
duplex, Sandy duplexes supergroup, Alkaline grey shallow sandy duplex 
Wet soils Wet or waterlogged soils supergroup, Wet soil 
*  This group contains many poor soils but some are very good, for example 70 cm loam over rock 
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Table B2 shows the regrouping of 68 qualifiers into 23 similar qualifier groups (van Gool et 
al. 2005). 
Table B2 Soil qualifier groups 
Group Name Group Name 
ACD acid PS poor sand 
ALK alkaline PSE poor sand effective duplex 
CLY loam to clay PSR poor sand rock outcrop 
DNR differentiation not required  PSS poor subsoil 
DSD deep sandy duplex PSV poor sand very deep 
GRV gravels/stones RKM rock substrate 
GS good sand SAL saline within root zone 
GSE good sand effective duplex TYP typical 
GSR good sand rock substrate DNR undifferentiated 
GSV good sand very deep VGR very gravelly 
LM loam to clay VSH very shallow 
NEU neutral and porous   
Table B3 shows the regrouping of 57 land units into 3 broad groups (Schoknecht 2002 and 
van Gool et al. 2005). 
Table B3 Broad land unit groups 
Code 
Broad 
land unit 
group 
Land unit 
NAR Not arable cliff/breakaway water beach 
  tidal flat salt lake landslip 
  undifferentiated disturbed land rock outcrop 
  
typical landscape position for 
soil in zone slopes > 30% ridge crest 
ELV Elevated well drained footslopes < 3% low rise < 2m well drained flat 
  low foredune crests & slopes < 3% rise > 2 m 
  high foredune slopes 3–5% well drained closed depression 
  blowout slopes 1–3% dissected slopes 
  sand rise swale slopes 10–15% 
  well drained floodplain sand plain  low flat 
  slopes 5–10% slopes 15–30% long slopes 1–3% 
  swale   
LLY Low-lying poorly drained floodplain, salt 
risk hillside scald stream channel, salt risk 
  
poorly drained drainage 
depression, salt risk 
well drained drainage 
depression salt scald 
  swamp  swamp, salt risk hillside seep 
  poorly drained flat footslopes < 3%, salt risk footslopes < 3% 
  stream channel poorly drained flat, salt risk well drained drainage depression, salt risk 
  poorly drained floodplain well drained flat, salt risk well drained footslopes < 3%, 
salt risk 
  
poorly drained drainage 
depression gilgai depressions, salt risk hillside seep, salt risk 
  well drained floodplain, salt risk gilgai depressions  
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Appendix C: Selection of duplex soils 
Tables C1 and C2 list the duplex and effective duplex soil groups on land with less than five 
per cent slope used to define the duplex productivity classes. 
Table C1 Duplex or effective duplex soil groups 
Soil group Soil group 
Saline wet soil Yellow/brown shallow sandy duplex 
Semi-wet soil Reticulite deep sandy duplex 
Wet soil Acid shallow duplex 
Duplex sandy gravel Alkaline grey shallow loamy duplex 
Alkaline grey deep sandy duplex Alkaline red shallow loamy duplex 
Alkaline grey shallow sandy duplex Grey shallow loamy duplex 
Grey deep sandy duplex Brown deep loamy duplex 
Grey shallow sandy duplex Red deep loamy duplex 
Red deep sandy duplex Red shallow loamy duplex 
Red shallow sandy duplex Yellow/brown shallow loamy duplex 
Yellow/brown deep sandy duplex  
Table C2 Land units excluded from the selection of land with duplex soils 
Land unit Land unit 
Beach Levee bank 
Blowout Ridge crest 
Cliff/breakaway Rise > 2 m 
Dissected slopes Salt scald 
Disturbed land Slopes > 5% 
High foredune Water 
Landslip  
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Appendix D: Area of productivity classes 
Table D1 contains the area of wheat productivity classes in each LGA. 
Table D1 Area (‘000 ha) of wheat productivity classes in each LGA 
Rainfall 
region LGA 
Very 
high 
(VHP) 
High 
(HP) 
High 
duplex 
(HPdx) 
Fair 
(FP) 
Fair 
duplex 
(FPdx) 
Low 
(LPdx) 
Very low 
(VLP) 
H Albany  43 17 27 76 58 48 43 
H Beverley 41 11 26 29 24 21 19 
H Boddington 19 14 6 3 2 10 5 
H Boyup Brook 76 17 4 12 26 29 14 
H Brookton 40 10 8 25 20 21 16 
H Broomehill 18 4 5 14 39 27 7 
H Chittering 27 7 1 10 1 25 6 
H Cranbrook  64 7 9 25 60 56 19 
H Cuballing 37 5 24 12 6 13 7 
H Dandaragan 79 28 3 147 12 110 13 
H Gingin 2 13 1 66 5 46 16 
H Gnowangerup 51 25 27 60 145 23 39 
H Katanning 19 4 3 26 47 36 8 
H Kojonup 97 4 4 46 48 57 19 
H Narrogin 42 3 12 18 26 32 12 
H Northam 35 21 20 15 4 9 14 
H Pingelly 43 5 14 13 16 17 13 
H Plantagenet 55 17 22 52 70 52 34 
H Tambellup 19 4 9 17 49 27 13 
H Toodyay 26 23 9 11 2 9 10 
H Victoria Plains  90 15 10 53 16 39 14 
H Wagin 28 2 4 34 47 58 12 
H Wandering 29 12 14 8 3 12 6 
H West Arthur 64 10 5 34 38 53 16 
H Williams 57 24 20 16 15 30 12 
H Woodanilling 15 1 2 17 31 32 9 
H York  42 19 29 21 12 13 17 
Total high rainfall 1158 322 317 860 822 904 411 
M Carnamah 19 19 25 53 7 32 27 
M Chapman Valley  99 81 1 87 16 9 7 
M Coorow 59 29 23 84 9 57 10 
M Corrigin 46 26 25 52 60 39 13 
M Cunderdin 36 9 27 37 41 25 11 
M Dumbleyung 26 20 8 34 90 48 10 
M Esperance 33 185 246 234 600 75 94 
(continued next page) 
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Table D1 (continued) 
Rainfall 
region LGA 
Very 
high 
(VHP) 
High 
(HP) 
High 
duplex 
(HPdx) 
Fair 
(FP) 
Fair 
duplex 
(FPdx) 
Low 
(LP) 
Very low 
(VLP) 
M Goomalling 41 12 25 38 25 26 12 
M Greenough 36 47 8 34 11 16 5 
M Irwin 12 15 1 61 9 31 2 
M Jerramungup 89 27 45 47 139 42 42 
M Kent  44 47 8 57 185 63 29 
M Mingenew 43 44 4 50 19 16 7 
M Moora 108 38 20 84 31 39 27 
M Northampton  45 87 5 175 12 36 14 
M Quairading 43 13 9 37 48 33 13 
M Ravensthorpe 45 32 57 67 107 31 62 
M Three Springs 38 28 12 87 7 41 9 
M Wickepin 43 12 21 29 51 32 10 
M Wongan-Ballidu 60 58 20 68 26 79 16 
Total medium rainfall 965 827 593 1419 1493 769 421 
L Bruce Rock 52 31 17 44 61 41 15 
L Dalwallinu 99 144 26 71 21 142 42 
L Dowerin 12 35 26 31 38 20 21 
L Kellerberrin 29 11 35 28 49 15 18 
L Kondinin 115 40 21 40 80 41 42 
L Koorda 1 58 20 65 17 60 30 
L Kulin 107 50 24 50 110 40 47 
L Lake Grace  137 103 21 70 280 95 100 
L Merredin 49 31 41 48 62 46 26 
L Morawa 36 130 10 40 3 25 12 
L Mount Marshall  3 137 36 81 30 87 39 
L Mukinbudin 2 83 29 53 20 35 29 
L Mullewa 110 160 9 108 5 60 15 
L Narembeen 101 43 22 46 79 55 25 
L Nungarin 2 19 13 28 15 6 16 
L Perenjori 69 89 18 41 10 109 22 
L Tammin 17 6 16 14 33 13 8 
L Trayning 9 30 22 34 25 15 23 
L Westonia 43 48 22 39 19 19 30 
L Wyalkatchem 10 26 20 30 33 15 23 
L Yilgarn 111 84 29 83 92 100 91 
Total low rainfall 1115 1358 475 1044 1081 1040 673 
Total H, M, L 3238 2507 1386 3323 3396 2713 1506 
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Appendix E: Land excluded from this study 
Land with multiple (four or more) constraints and land rated as very low productivity has been 
excluded from this study (Figure E1 and E2). 
 
Figure E1 The proportion of multiple constrained (four or more constraints) land in each LGA  
 
Figure E2 The proportion of very low productivity land in each LGA 
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Appendix F: Land management units in each Local 
Government Authority 
Table F1 lists the LMUs covering more than five per cent of any LGA and the associated 
constraints and productivity class. 
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Table F1 Area of LMUs covering more than five per cent of any LGA, associated constraints and the wheat productivity class 
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H Albany FP 31 10 Pale sands GSE ELV – – 5 – – – – – 4 – – – 27 – – – – 
H Albany VLP 25 8 Wet soils DNR LLY – 25 – – – – – – – – – – – – – – – 
H Albany VHP 23 7 Gravels NEU ELV 23 – – 23 23 – – 22 2 – – – – – 6 – – 
H Albany FPdx 15 5 Gravels PSS ELV – – 2 – – – 13 – – – – – 13 – – – – 
H Albany FPdx 15 5 Shallow sandy duplexes PSS ELV – – 2 – – – 13 – – – – – – – – – – 
H Albany LP 14 5 Shallow & stony 
soils GS ELV – – – – – – 11 – – – – – – – – 3 – 
H Beverley VHP 12 7 
Deep loamy 
duplexes & 
earths 
RKM ELV 12 – – – – – – 1 – – – – – – 1 – – 
H Beverley HPdx 11 6 Deep sandy duplexes RKM ELV – – – – – – 11 11 – – – – – – – – – 
H Beverley FP 10 6 Pale sands PSR ELV – – 8 – – – – – – – – – 3 – – – – 
H Beverley FPdx 9 6 Deep sandy duplexes PS LLY – – 9 – – – – – – – – – – – – – – 
H Beverley HPdx 8 5 Deep sandy duplexes GS ELV – – – 8 8 – 8 – – – – – – – – – – 
H Beverley FP 8 5 Shallow & stony 
soils GS ELV – – 3 – – – 5 – – – – – – – – – – 
H Boddington VHP 10 17 Gravels NEU ELV 10 – – 10 10 – – 10 1 – – – – – 5 – – 
H Boddington VHP 5 8 
Deep loamy 
duplexes & 
earths 
NEU ELV 5 – – – – – – 4 – – – – – – 1 – – 
H Boddington HP 4 6 
Deep loamy 
duplexes & 
earths 
NEU ELV – – – 1 1 – – 4 – – – – – – 4 4 – 
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H Boddington HP 3 6 Gravels VGR ELV – – – – – – 3 – 1 – – – – – – – – 
H Boddington HPdx 3 5 Deep sandy duplexes NEU ELV – – – 6 3 3 – – – – – – – – – – – 
H Boyup Brook VHP 53 30 Gravels NEU ELV 53 – – 53 53 – – 50 3 – – – – – 13 – – 
H Boyup Brook VHP 13 7 
Deep loamy 
duplexes & 
earths 
NEU ELV 13 – – 8 8 – – 9 – – – – – – 5 – – 
H Boyup Brook VLP 8 5 Wet soils DNR LLY – 8 – – – – – – – – – – – – – – – 
H Brookton VHP 6 5 Coloured sands to sandy earths NEU ELV 6 – – 3 3 – – 6 – – – – – – – – – 
H Broomehill FPdx 15 13 Shallow sandy duplexes PSS ELV – – 4 – – – 10 – – – – – – – – – – 
H Broomehill LP 13 11 Deep sandy duplexes PS ELV – – 13 – – – – – – – – – – – – – – 
H Broomehill FPdx 7 7 Deep sandy duplexes GS ELV – – – – – – 7 – – – – – – – – – – 
H Broomehill FPdx 7 6 Clays & shallow loamy duplexes PSS ELV – – – – – – 7 – – – – – – – – – – 
H Broomehill VHP 7 6 Gravels NEU ELV 7 – – 7 7 – – 7 4 – – – – – – – – 
H Chittering VHP 13 17 Gravels NEU ELV 13 – – 11 11 – – 12 3 – – – – – – – – 
H Chittering VHP 9 11 
Deep loamy 
duplexes & 
earths 
NEU ELV 9 – – 3 3 – – 8 – – – – – – 1 – – 
H Chittering LP 6 7 Pale sands PSV ELV – – 6 – – – – – – – – – – – – – – 
H Cranbrook VHP 41 17 Gravels NEU ELV 41 – – 41 41 – – 27 3 – – – – – 8 – – 
H Cranbrook FPdx 11 5 Deep sandy duplexes PS ELV – – 11 – – – – – – – – – – – – – – 
H Cuballing VHP 12 12 Deep sandy duplexes NEU ELV 12 – – 4 4 – – 8 – – – – – – 5 – – 
H Cuballing VHP 8 8 Clays & shallow loamy duplexes NEU ELV 8 – – 4 4 – – – – – – 4 – – 3 – – 
H Cuballing HPdx 6 6 Deep sandy duplexes ACD ELV – – – 12 6 6 – 6 – – – – – – – – – 
H Cuballing FP 5 5 Pale sands ACD ELV – – 5 – – – – – – – – – – – – – – 
H Cuballing VHP 5 5 Gravels NEU ELV 5 – – 5 5 – – 5 1 – – – – – 2 – – 
H Cuballing HPdx 5 5 Gravels VGR ELV – – – 5 5 – 5 – – – – – – – – – – 
(continued next page) 
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Table F1 (continued)  
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H Dandaragan LP 53 13 Pale sands PSV ELV – – 53 – – – – – – – – – – – – – – 
H Dandaragan FP 42 11 Coloured sands to sandy earths GSV ELV – – – – – – 5 – 3 – – – – 36 – – – 
H Dandaragan FP 38 10 Coloured sands to sandy earths PSV ELV – – – – – – 1 – 5 – – – – 38 – – – 
H Dandaragan FP 26 7 Pale sands GSV ELV – – – – – – – – 1 – – – 26 – – – – 
H Dandaragan VHP 24 6 Gravels NEU ELV 24 – – 20 20 – – 24 11 – – – – – – – – 
H Dandaragan FP 21 5 Pale sands PSV ELV – – 21 – – – – – – – – – – – – – – 
H Dandaragan VHP 18 5 Coloured sands to sandy earths GSV ELV 18 – – – – – – 18 18 – – – – – – – – 
H Dandaragan LP 18 5 Gravels PSV ELV – – 18 – – – – – – – – – – – – – – 
H Gingin FP 23 16 Coloured sands to sandy earths GSV ELV – – – – – – 9 – 12 – – – – 13 – – – 
H Gingin FP 18 12 Coloured sands to sandy earths PSV ELV – – – – – – 4 – 1 – – – – 18 – – – 
H Gingin FP 13 9 Pale sands GSV ELV – – – – – – – – 4 – – – 13 – – – – 
H Gingin LP 12 8 Pale sands PSV ELV – – 12 – – – – – – – – – – – – – – 
H Gingin HP 8 6 Coloured sands to sandy earths GSR ELV – – – 7 7 – 8 7 8 6 – – – – 1 – – 
H Gingin VLP 7 5 Wet soils DNR LLY – 7 – – – – – – – – – – – – – – – 
H Gnowangerup FPdx 54 14 Shallow sandy duplexes PSS ELV – – 26 – – – 27 – – – – – – – – – – 
H Gnowangerup FPdx 34 9 Clays & shallow loamy duplexes PSS ELV – – – – – – 34 – – – – – – – – – – 
H Gnowangerup FPdx 27 7 Deep sandy duplexes PS ELV – – 27 – – – – – – – – – – – – – – 
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H Gnowangerup FP 26 7 Shallow sandy duplexes PSS ELV – – 13 – – – 14 – – – – – – – – – – 
H Gnowangerup VHP 22 6 Gravels NEU ELV 22 – – 22 22 – – 20 11 – – – – – – – – 
H Katanning FPdx 18 13 Shallow sandy duplexes PSS ELV – – 9 – – – 9 – – – – – – – – – – 
H Katanning LP 9 6 Deep sandy duplexes PS ELV – – 9 – – – – – – – – – – – – – – 
H Katanning VHP 9 6 Gravels NEU ELV 9 – – 9 9 – – 9 5 – – – – – – – – 
H Katanning FPdx 7 5 Deep sandy duplexes PS ELV – – 6 – – – 1 – – – – – 1 – – – – 
H Kojonup VHP 47 17 Gravels NEU ELV 47 – – 46 46 – – 46 14 – – – – – 10 – – 
H Kojonup LP 20 7 Deep sandy duplexes PS ELV – – 20 – – – – – – – – – – – – – – 
H Kojonup FPdx 16 6 Deep sandy duplexes GS ELV – – – – – – 16 – – – – – – – – – – 
H Kojonup VHP 15 5 Clays & shallow loamy duplexes NEU ELV 15 – – 10 10 – – – – – – 1 – – 5 – – 
H Kojonup VHP 14 5 Deep sandy duplexes NEU ELV 14 – – 7 3 4 – 11 – – – – – – 10 – – 
H Narrogin VHP 10 7 Gravels NEU ELV 10 – – 10 10 – – 10 4 – – – – – 1 – – 
H Narrogin LP 9 6 Deep sandy duplexes PS LLY – – 9 – – – – – – – – – – – – – – 
H Narrogin LP 9 6 Deep sandy duplexes PS ELV – – 9 – – – – – – – – – – – – – – 
H Narrogin VHP 8 6 Deep sandy duplexes NEU ELV 8 – – 3 3 – – 6 – – – – – – 2 – – 
H Narrogin FPdx 7 5 Shallow sandy duplexes PSS LLY – – 7 – – – – – – – – – – – – – – 
H Northam VHP 14 12 
Deep loamy 
duplexes & 
earths 
RKM ELV 14 – – – – – – – – – – – – – – – – 
H Northam HP 13 11 Gravels GSR ELV – – – – – – 13 13 8 – – – – – – – – 
H Northam HPdx 13 11 Deep sandy duplexes RKM ELV – – – – – – 13 13 – – – – – – – – – 
H Northam FP 8 7 Shallow & stony 
soils GS ELV – – 2 – – – 6 – – – – – – – – – – 
H Northam VHP 7 6 Clays & shallow loamy duplexes NEU ELV 7 – – – – – – – – – – 2 – – 1 – – 
H Northam VHP 5 5 Gravels NEU ELV 5 – – 5 5 – – 5 – – – – – – – – – 
(continued next page)
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Table F1 (continued)  
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H Pingelly VHP 8 7 Deep sandy duplexes PS ELV 8 – – 16 8 8 – 8 – – – – – – – – – 
H Pingelly VHP 6 5 
Deep loamy 
duplexes & 
earths 
NEU ELV 6 – – 4 4 – – 1 – – – – – – – – – 
H Pingelly VHP 6 5 Coloured sands to sandy earths NEU ELV 6 – – 2 2 – – 6 – – – – – – – – – 
H Plantagenet VHP 32 11 Gravels NEU ELV 32 – – 32 32 – – 25 2 – – – – – 7 – – 
H Plantagenet VLP 22 7 Wet soils DNR LLY – 22 – – – – – – – – – – – – – – – 
H Plantagenet FPdx 16 5 Shallow sandy duplexes PSS ELV – – 2 – – – 14 – – – – – – – – – – 
H Tambellup FPdx 15 11 Shallow sandy duplexes PSS ELV – – 7 – – – 9 – – – – – – – – – – 
H Tambellup LP 9 7 Deep sandy duplexes PS ELV – – 9 – – – – – – – – – – – – – – 
H Tambellup FPdx 9 6 Shallow sandy duplexes PSS LLY – – 9 – – – – – – – – – – – – – – 
H Tambellup VHP 8 6 Gravels NEU ELV 8 – – 8 8 – – 8 3 – – – – – 1 – – 
H Tambellup FPdx 7 5 Clays & shallow loamy duplexes PSS ELV – – – – – – 7 – – – – – – – – – – 
H Tambellup FPdx 7 5 Deep sandy duplexes GS ELV – – – – – – 7 – – – – – – – – – – 
H Toodyay HP 17 19 Gravels GSR ELV – – – – – – 17 17 10 – – – – – – – – 
H Toodyay VHP 9 10 
Deep loamy 
duplexes & 
earths 
RKM ELV 9 – – – – – – – – – – – – – – – – 
H Toodyay VHP 7 8 Gravels NEU ELV 7 – – 7 7 – – 7 – – – – – – – – – 
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H Toodyay HPdx 7 7 Deep sandy duplexes RKM ELV – – – – – – 7 7 – – – – – – – – – 
H Toodyay FP 5 6 Shallow & stony 
soils GS ELV – – 1 – – – 4 – – – – – – – – – – 
H Toodyay VHP 5 6 Clays & shallow loamy duplexes NEU ELV 5 – – – – – – – – – – 2 – – 2 – – 
H Victoria Plains VHP 37 16 Gravels NEU ELV 37 – – 36 36 – – 36 3 – – – – – – – – 
H Victoria Plains VHP 14 6 
Deep loamy 
duplexes & 
earths 
NEU ELV 14 – – 11 11 – – 10 – – – – – – 1 – – 
H Victoria Plains VHP 11 5 Coloured sands to sandy earths NEU ELV 11 – – 11 11 – – 11 – – – – – – – – – 
H Wagin LP 21 11 Deep sandy duplexes PS ELV – – 21 – – – – – – – – – – – – – – 
H Wagin VHP 14 7 Gravels NEU ELV 14 – – 13 13 – – 14 7 – – – – – 1 – – 
H Wagin LP 13 7 Deep sandy duplexes PS LLY – – 13 – – – – – – – – – – – – – – 
H Wagin FPdx 12 7 Shallow sandy duplexes PSS ELV – – 4 – – – 8 – – – – – – – – – – 
H Wagin FPdx 10 5 Deep sandy duplexes GS ELV – – – – – – 10 – – – – – – – – – – 
H Wandering VHP 9 10 Gravels NEU ELV 9 – – 9 9 – – 9 1 – – – – – 4 – – 
H Wandering VHP 5 6 Deep sandy duplexes NEU ELV 5 – – 2 2 – – 3 – – – – – – 2 – – 
H Wandering VHP 5 6 
Deep loamy 
duplexes & 
earths 
NEU ELV 5 – – 1 1 – – 4 – – – – – – 1 – – 
H Wandering VHP 5 5 Clays & shallow loamy duplexes NEU ELV 5 – – 2 2 – – – – – – 2 – – 1 – – 
H Wandering HP 4 5 Gravels VGR ELV – – – – – – 4 – 1 – – – – – – – – 
H West Arthur VHP 43 20 Gravels NEU ELV 43 – – 43 43 – – 43 7 – – – – – 11 – – 
H West Arthur LP 12 6 Deep sandy duplexes PS ELV – – 12 – – – – – – – – – – – – – – 
H Williams VHP 25 14 Gravels NEU ELV 25 – – 25 25 – – 25 3 – – – – – 8 – – 
H Williams VHP 10 6 
Deep loamy 
duplexes & 
earths 
NEU ELV 10 – – 1 1 – – 9 – – – – – – 2 – – 
H Williams VHP 9 5 Deep sandy duplexes NEU ELV 9 – – 5 5 – – 4 – – – – – – 3 – – 
(continued next page) 
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Table F1 (continued)  
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H Woodanilling LP 12 12 Deep sandy duplexes PS ELV – – 12 – – – – – – – – – – – – – – 
H Woodanilling FPdx 8 7 Shallow sandy duplexes PSS LLY – – 7 – – – – – – – – – – – – – – 
H Woodanilling FPdx 7 7 Deep sandy duplexes GS ELV – – – – – – 7 – – – – – – – – – – 
H Woodanilling LP 7 7 Deep sandy duplexes PS LLY – – 7 – – – – – – – – – – – – – – 
H Woodanilling FPdx 7 7 Shallow sandy duplexes PSS ELV – – 1 – – – 6 – – – – – – – – – – 
H Woodanilling VHP 7 6 Gravels NEU ELV 7 – – 7 7 – – 7 4 – – – – – 1 – – 
H York VHP 15 10 
Deep loamy 
duplexes & 
earths 
RKM ELV 15 – – – – – – – – – – – – – – – – 
H York HPdx 15 10 Deep sandy duplexes RKM ELV – – – – – – 15 15 – – – – – – – – – 
H York HP 11 7 Gravels GSR ELV – – – – – – 11 11 4 – – – – – – – – 
H York FP 11 7 Shallow & stony 
soils GS ELV – – 3 – – – 7 – – – – – – – – – – 
H York HPdx 10 6 Deep sandy duplexes GS ELV – – – 10 10 – 10 – – – – – – – – – – 
H York VHP 8 5 Gravels NEU ELV 8 – – 8 8 – – 8 – – – – – – – – – 
H   3024 < 5    450 349 897 816 550 265 789 466 181 224 129 82 142 38 199 108 19 
Total H region  4796 –    1158 411 1313 1413 1126 287 1187 1128 352 231 129 92 225 143 329 114 19 
M Carnamah LP 18 10 Pale sands PSV ELV – – 18 – – – – – – – – – – – – – – 
M Carnamah VLP 14 7 Saline DNR NAR – 14 – – – – – – – – – – – – – – – 
M Carnamah FP 12 7 Coloured sands to sandy earths PSV ELV – – – – – – – – 5 – – – – 12 – – – 
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M Chapman Valley FP 77 26 
Coloured sands 
to sandy earths GSV ELV – – – – – – – – 34 – – – – 71 – – – 
M Chapman Valley VHP 61 20 
Coloured sands 
to sandy earths GSV ELV 61 – – – – – – 61 61 – – – – – – – – 
M Chapman Valley HP 39 13 
Shallow & stony 
soils LM ELV – – – – – – 39 – – 10 38 39 – – – – 39 
M Chapman Valley VHP 24 8 
Coloured sands 
to sandy earths NEU ELV 24 – – 24 24 – – 24 12 – – – – – – – – 
M Chapman Valley HP 19 6 
Shallow sandy 
duplexes RKM ELV – – – – – – 19 19 – – – – – – 3 – – 
M Coorow FP 27 10 Coloured sands to sandy earths PSV ELV – – 1 – – – – – 6 – – – – 26 – – – 
M Coorow LP 20 7 Pale sands PSV ELV – – 20 – – – – – – – – – – – – – – 
M Coorow FP 17 6 Coloured sands to sandy earths GSV ELV – – – – – – 3 – 4 – – – – 14 – – – 
M Coorow VHP 13 5 Coloured sands to sandy earths GSV ELV 13 – – – – – – 13 3 – – – – – – – – 
M Corrigin FPdx 22 8 Shallow sandy duplexes PSS ELV – – 5 – – – 17 – – – – – – – – – – 
M Corrigin FPdx 13 5 Clays & shallow loamy duplexes PSS ELV – – – – – – 13 – – – – – – – – – – 
M Cunderdin FP 16 9 Pale sands PSR ELV – – 13 – – – – – – – – – 3 – – – – 
M Cunderdin FPdx 14 7 Clays & shallow loamy duplexes PSS ELV – – – – – – 14 – – – – – – – – – – 
M Cunderdin HPdx 11 6 Deep sandy duplexes GS ELV – – – 11 11 – 11 – – – – – – – – – – 
M Cunderdin FPdx 9 5 Shallow sandy duplexes PSS LLY – – 9 – – – – – – – – – – – – – – 
M Cunderdin VHP 9 5 Coloured sands to sandy earths NEU ELV 9 – – 8 8 – – 9 – – – – – – – – – 
M Dumbleyung FPdx 33 14 Shallow sandy duplexes PSS ELV – – 22 – – – 12 – – – – – – – – – – 
M Dumbleyung FPdx 15 6 Deep sandy duplexes PS ELV – – 12 – – – 2 – – – – – 2 – – – – 
M Dumbleyung FPdx 14 6 Clays & shallow loamy duplexes PSS ELV – – – – – – 14 – – – – – – – – – – 
M Dumbleyung FPdx 13 5 Shallow sandy duplexes PSS LLY – – 12 – – – 1 – – – – – – – – – – 
M Dumbleyung VHP 13 5 Gravels NEU ELV 13 – – 13 13 – – 13 6 – – – – – – – – 
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Table F1 (continued)  
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M Dumbleyung FPdx 14 6 Clays & shallow loamy duplexes PSS ELV – – – – – – 14 – – – – – – – – – – 
M Dumbleyung FPdx 13 5 Shallow sandy duplexes PSS LLY – – 12 – – – 1 – – – – – – – – – – 
M Dumbleyung VHP 13 5 Gravels NEU ELV 13 – – 13 13 – – 13 6 – – – – – – – – 
M Esperance FPdx 347 24 Shallow sandy duplexes PSS ELV – – – – – – 347 – – – – – – – – – – 
M Esperance HPdx 200 14 Deep sandy duplexes GS ELV – – – 399 200 200 200 1 200 84 – – – – – – – 
M Esperance FPdx 167 11 Clays & shallow loamy duplexes PSS ELV – – – – – – 167 – – – – – – – – – – 
M Esperance HP 146 10 Calcareous loamy earth SAL ELV – – – 146 – 146 146 – – 91 146 – – – 20 – – 
M Esperance FP 126 9 Pale sands GSV ELV – – – – – – – – 28 – – – 126 – – – – 
M Goomalling FP 14 8 Pale sands PSR ELV – – 12 – – – – – – – – – 1 – – – – 
M Goomalling VHP 11 6 Coloured sands to sandy earths NEU ELV 11 – – 11 11 – – 11 – – – – – – – – – 
M Goomalling HPdx 10 6 Deep sandy duplexes GS ELV – – – 10 10 – 10 – 1 1 – – – – – – – 
M Goomalling FP 9 5 Shallow & stony 
soils GS ELV – – 3 – – – 6 – – – – – – – – – – 
M Goomalling HPdx 9 5 Deep sandy duplexes RKM ELV – – – – – – 9 9 – – – – – – – – – 
M Goomalling FPdx 8 5 Deep sandy duplexes PS LLY – – 8 – – – – – – – – – – – – – – 
M Greenough VHP 17 11 Coloured sands to sandy earths GSV ELV 17 – – – – – – 17 17 – – – – – 1 – – 
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M Greenough HP 17 11 Shallow sandy duplexes RKM ELV – – – – – – 17 17 – – – – – – 13 – – 
M Greenough HP 13 8 
Deep loamy 
duplexes & 
earths 
RKM ELV – – – – – – – – – – – – – – – 13 – 
M Greenough FP 10 6 Pale sands GSV ELV – – 1 – – – – – – – – – 9 – – – – 
M Irwin FP 21 16 Pale sands GSV ELV – – – – – – – – – – – – 21 – – – – 
M Irwin FP 14 11 Coloured sands to sandy earths PSV ELV – – – – – – – – 1 – – – – 14 – – – 
M Irwin LP 9 7 Pale sands PSV ELV – – 9 – – – – – – – – – – – – – – 
M Irwin VHP 7 6 Coloured sands to sandy earths GSV ELV 7 – – – – – – 7 7 – – – – – – – – 
M Irwin HP 7 5 Coloured sands to sandy earths GSR ELV – – – – – – 7 – 7 – – – – – – – – 
M Irwin LP 7 5 Shallow & stony 
soils GS ELV – – 7 – – – – – – – – – – – – – – 
M Irwin FPdx 7 5 Deep sandy duplexes NEU LLY – – 2 – – – – – – – – – 5 – – – – 
M Irwin FP 6 5 Pale sands PSR ELV – – 5 – – – – – – – – – 1 – – – – 
M Jerramungup FPdx 58 14 Shallow sandy duplexes PSS ELV – – 23 – – – 36 – – – – – – – – – – 
M Jerramungup VHP 39 9 Deep sandy duplexes NEU ELV 39 – – 25 25 – – – – – – – – – – – – 
M Jerramungup VHP 28 7 Shallow sandy duplexes NEU ELV 28 – – 27 27 – – 1 3 – – – – – – – – 
M Jerramungup FPdx 21 5 Deep sandy duplexes PS ELV – – 21 – – – – – – – – – – – – – – 
M Jerramungup FPdx 20 5 Clays & shallow loamy duplexes PSS ELV – – – – – – 20 – – – – – – – – – – 
M Kent FPdx 87 20 Shallow sandy duplexes PSS ELV – – 49 – – – 38 – – – – – – – – – – 
M Kent FPdx 38 9 Deep sandy duplexes PS ELV – – 38 – – – – – – – – – – – – – – 
M Kent FPdx 24 6 Shallow sandy duplexes PSS LLY – – 23 – – – 1 – – – – – – – – – – 
M Mingenew HP 25 14 Clays & shallow loamy duplexes ALK ELV – – – 25 – 25 – – – 2 24 25 – – 2 – – 
M Mingenew VHP 24 13 Coloured sands to sandy earths GSV ELV 24 – – – – – – 24 24 – – – – – – – – 
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Table F1 (continued)  
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M Mingenew FP 16 9 Pale sands GSV ELV – – – – – – – – – – – – 16 – – – – 
M Mingenew FP 10 5 Coloured sands to sandy earths PSV ELV – – – – – – – – 1 – – – – 10 – – – 
M Mingenew HP 9 5 Shallow & stony 
soils LM ELV – – – 3 – 3 9 – – – 5 9 – – – – 6 
M Moora FP 23 7 Coloured sands to sandy earths PSV ELV – – 4 – – – – – 4 – – – – 20 – – – 
M Moora VHP 22 6 Coloured sands to sandy earths NEU ELV 22 – – 22 22 – – 22 1 – – – – – – – – 
M Moora VHP 17 5 Gravels NEU ELV 17 – – 17 17 – – 17 3 – – – – – – – – 
M Moora VHP 16 5 
Deep loamy 
duplexes & 
earths 
NEU ELV 16 – – 14 14 – – 14 – – – – – – – – – 
M Northampton FP 114 30 Coloured sands to sandy earths GSV ELV – – – – – – 1 – 45 – – – – 113 – – – 
M Northampton HP 41 11 Clays & shallow loamy duplexes RKM ELV – – – – – – 41 – – – – 41 – – 8 – – 
M Northampton FP 21 6 Pale sands GSV ELV – – – – – – – – 1 – – – 21 – – – – 
M Northampton VHP 19 5 Coloured sands to sandy earths GSV ELV 19 – – – – – – 19 19 – – – – – – – – 
M Northampton HP 17 5 Shallow & stony 
soils LM ELV – – – – – – 17 – – 5 17 17 – – – – 17 
M Quairading FPdx 12 6 Shallow sandy duplexes PSS ELV – – 3 – – – 9 – – – – – – – – – – 
M Quairading LP 10 5 Saline LM LLY – – 10 – – – – – – – – – – – – – – 
M Quairading VHP 10 5 Coloured sands to sandy earths NEU ELV 10 – – 7 7 – – 10 – – – – – – – – – 
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M Ravensthorpe FPdx 69 17 Shallow sandy duplexes PSS ELV – – 14 – – – 55 – – – – – – – – – – 
M Ravensthorpe HPdx 40 10 Deep sandy duplexes GS ELV – – – 80 40 39 40 – 40 11 – – – – – – – 
M Ravensthorpe VLP 31 8 Shallow & stony 
soils VGR NAR – 31 – – – – – – – – – – – – – – – 
M Ravensthorpe VHP 24 6 Shallow sandy duplexes NEU ELV 24 – – 24 24 – – – 19 – – – – – 6 – – 
M Ravensthorpe FP 21 5 Pale sands GSV ELV – – – – – – – – 12 – – – 21 – – – – 
M Three Springs LP 22 10 Pale sands PSV ELV – – 22 – – – – – – – – – – – – – – 
M Three Springs FP 20 9 Coloured sands to sandy earths GSV ELV – – – – – – 2 – 1 – – – – 18 – – – 
M Three Springs FP 14 6 Pale sands PSV ELV – – 14 – – – – – – – – – – – – – – 
M Three Springs VHP 13 6 Coloured sands to sandy earths GSV ELV 13 – – – – – – 13 13 – – – – – – – – 
M Three Springs FP 10 5 Coloured sands to sandy earths PSV ELV – – – – – – – – 1 – – – – 10 – – – 
M Wickepin FPdx 19 10 Shallow sandy duplexes PSS ELV – – 4 – – – 16 – – – – – – – – – – 
M Wickepin HPdx 13 7 Deep sandy duplexes GS ELV – – – 24 13 11 13 – 2 – – – – – – – – 
M Wickepin FPdx 9 5 Shallow sandy duplexes PSS LLY – – 7 – – – 2 – – – – – – – – – – 
M Wongan-Ballidu LP 36 11 
Coloured sands 
to sandy earths ACD ELV – – 36 – – – – – – – – – – – – – – 
M Wongan-Ballidu FP 21 6 
Coloured sands 
to sandy earths GSV ELV – – – – – – 1 – 13 – – – – 20 – – – 
M Wongan-Ballidu LP 16 5 
Coloured sands 
to sandy earths PSS ELV – – 16 – – – – – – – – – – – – – – 
M   3680 < 5    597 377 890 1191 705 486 1028 625 497 318 192 202 196 60 117 108 26 
Total M region  6487 –    965 421 1333 2081 1170 911 2382 946 1092 521 423 334 424 387 172 121 88 
L Bruce Rock FPdx 14 5 Clays & shallow loamy duplexes PSS LLY – – 12 – – – 3 – – – – – – – – – – 
L Bruce Rock VHP 13 5 
Deep loamy 
duplexes & 
earths 
PSS ELV 13 – – 3 3 – – 13 – – – 3 – – – – – 
L Bruce Rock FP 12 5 Calcareous loamy earth ALK ELV – – – 12 – 12 – – – – – – – – – – – 
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Table F1 (continued)  
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L Bruce Rock FPdx 12 5 Clays & shallow loamy duplexes PSS ELV – – – – – – 12 – – – – – – – – – – 
L Dalwallinu LP 83 15 Coloured sands to sandy earths ACD ELV – – 83 – – – – – – – – – – – – – – 
L Dalwallinu HP 32 6 Coloured sands to sandy earths GSE ELV – – – – – – 32 30 32 – – – – – – – – 
L Dalwallinu VHP 25 5 Coloured sands to sandy earths NEU ELV 25 – – 25 25 – – 25 – – – – – – – – – 
L Dalwallinu HP 25 5 Coloured sands to sandy earths RKM ELV – – – 2 2 – 2 25 – 12 23 2 – – – 25 – 
L Dowerin FPdx 23 13 Clays & shallow loamy duplexes PSS ELV – – – – – – 23 – – – – – – – – – – 
L Dowerin HPdx 21 12 Clays & shallow loamy duplexes RKM ELV – – – 21 – 21 – – – – – 21 – – 3 – – 
L Dowerin HP 18 10 Gravels ACD ELV – – – 35 18 18 – 18 18 – – – – – – – – 
L Dowerin LP 10 5 Coloured sands to sandy earths ACD ELV – – 10 – – – – – – – – – – – – – – 
L Dowerin FP 9 5 Calcareous loamy earth PSS LLY – – – – – – – – – 9 – – – – – – – 
L Dowerin HP 8 5 Coloured sands to sandy earths RKM ELV – – – 1 1 – 1 8 – – 7 – – – – 8 – 
L Kellerberrin HPdx 18 10 Deep sandy duplexes GS ELV – – – 18 18 – 18 – – – – – – – – – – 
L Kellerberrin FPdx 14 8 Clays & shallow loamy duplexes ALK LLY – – – – – – – – – 14 – – – – – – – 
L Kellerberrin FPdx 12 6 Clays & shallow loamy duplexes PSS ELV – – – – – – 12 – – – – – – – – – – 
L Kellerberrin FP 8 5 Shallow & stony 
soils GS ELV – – 3 – – – 5 – – – – – – – – – – 
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L Kellerberrin LP 8 5 Saline LM LLY – – 8 – – – – – – – – – – – – – – 
L Kondinin VHP 29 8 
Deep loamy 
duplexes & 
earths 
NEU ELV 29 – – 24 24 – – 28 – – – – – – – – – 
L Kondinin VHP 25 6 Coloured sands to sandy earths NEU ELV 25 – – 25 25 – – 25 1 – – – – – – – – 
L Kondinin FPdx 24 6 Shallow sandy duplexes PSS ELV – – 11 – – – 14 – – – – – – – – – – 
L Kondinin FPdx 21 6 Clays & shallow loamy duplexes PSS ELV – – – – – – 21 – – – – – – – – – – 
L Koorda LP 30 12 Coloured sands to sandy earths ACD ELV – – 30 – – – – – – – – – – – – – – 
L Koorda LP 25 10 Coloured sands to sandy earths PSS ELV – – 25 – – – – – – – – – – – – – – 
L Koorda FP 24 10 Calcareous loamy earth SAL LLY – – 24 – – – – – – – – – – – – – – 
L Koorda HP 21 8 Gravels ACD ELV – – – 43 21 21 – 21 21 – – – – – – – – 
L Koorda FP 16 6 Coloured sands to sandy earths GSV ELV – – – – – – – – 16 – – – – 16 – – – 
L Koorda HPdx 15 6 Clays & shallow loamy duplexes RKM ELV – – – 15 – 15 – – – – – 15 – – 1 – – 
L Koorda HP 14 6 Coloured sands to sandy earths RKM ELV – – – – – – – 14 – 5 14 – – – – 14 – 
L Kulin FPdx 35 8 Shallow sandy duplexes PSS ELV – – 21 – – – 14 – – – – – – – – – – 
L Kulin VHP 26 6 Coloured sands to sandy earths NEU ELV 26 – – 26 26 – – 26 1 – – – – – – – – 
L Kulin FPdx 23 5 Deep sandy duplexes PS ELV – – 21 – – – 2 – – – – – 2 – – – – 
L Kulin VHP 22 5 
Deep loamy 
duplexes & 
earths 
NEU ELV 22 – – 22 22 – – 18 – – – – – – – – – 
L Lake Grace FPdx 111 14 Shallow sandy duplexes PSS ELV – – 50 – – – 61 – – – – – – – – – – 
L Lake Grace FPdx 62 8 Deep sandy duplexes PS ELV – – 62 – – – – – – – – – – – – – – 
L Lake Grace VHP 46 6 Deep sandy duplexes PS ELV 46 – – 91 46 46 – 46 – – – – – – 2 – – 
L Lake Grace FPdx 39 5 Clays & shallow loamy duplexes PSS ELV – – – – – – 39 – – – – – – – – – – 
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Table F1 (continued)  
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L Lake Grace VLP 38 5 Saline DNR NAR – 38 – – – – – – – – – – – – – – – 
L Lake Grace FPdx 36 5 Shallow sandy duplexes PSS LLY – – 36 – – – – – – – – – – – – – – 
L Merredin FPdx 34 11 Clays & shallow loamy duplexes PSS ELV – – – – – – 34 – – – – – – – – – – 
L Merredin HPdx 17 5 Deep sandy duplexes GS ELV – – – 17 17 – 17 – – – – – – – – – – 
L Morawa HP 40 15 
Deep loamy 
duplexes & 
earths 
RKM ELV – – – 4 4 – – – – 15 – 4 – – – 40 – 
L Morawa HP 38 15 Shallow & stony 
soils LM ELV – – – 12 – 12 36 – – 5 4 36 – – – – 24 
L Morawa FP 25 10 Shallow & stony 
soils GS ELV – – – – – – 25 – 25 – – – – – – – – 
L Morawa LP 20 8 Coloured sands to sandy earths ACD ELV – – 20 – – – – – – – – – – – – – – 
L Morawa HP 18 7 Shallow & stony 
soils LM LLY – – – – – – 14 – – 18 9 14 – – 12 12 14 
L Morawa HP 13 5 Shallow sandy duplexes RKM ELV – – – – – – 13 13 – – – – – – 1 – – 
L Mount Marshall LP 46 11 
Coloured sands 
to sandy earths ACD ELV – – 46 – – – – – – – – – – – – – – 
L Mount Marshall HP 43 10 Gravels ACD ELV – – – 86 43 43 – 43 43 – – – – – – – – 
L Mount Marshall HP 41 10 
Coloured sands 
to sandy earths RKM ELV – – – – – – – 41 – 13 41 – – – – 41 – 
L Mount Marshall LP 35 8 
Coloured sands 
to sandy earths PSS ELV – – 35 – – – – – – – – – – – – – – 
L Mount Marshall HPdx 25 6 
Clays & shallow 
loamy duplexes RKM ELV – – – 25 – 25 – – – – – 25 – – 6 – – 
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L Mount Marshall FP 24 6 
Coloured sands 
to sandy earths GSV ELV – – – – – – – – 24 – – – – 24 – – – 
L Mount Marshall FP 23 6 
Calcareous 
loamy earth SAL LLY – – 23 – – – – – – – – – – – – – – 
L Mount Marshall FPdx 21 5 
Clays & shallow 
loamy duplexes PSS ELV – – – – – – 21 – – – – – – – – – – 
L Mukinbudin HP 28 11 Gravels ACD ELV – – – 56 28 28 – 28 28 – – – – – – – – 
L Mukinbudin HPdx 24 10 Clays & shallow loamy duplexes RKM ELV – – – 24 – 24 – – – – – 24 – – 6 – – 
L Mukinbudin HP 23 9 Coloured sands to sandy earths RKM ELV – – – – – – – 23 – 5 23 – – – – 23 – 
L Mukinbudin FP 22 9 Calcareous loamy earth SAL LLY – – 22 – – – – – – – – – – – – – – 
L Mukinbudin LP 20 8 Coloured sands to sandy earths ACD ELV – – 20 – – – – – – – – – – – – – – 
L Mukinbudin FPdx 14 6 Clays & shallow loamy duplexes PSS ELV – – – – – – 14 – – – – – – – – – – 
L Mukinbudin LP 14 5 Coloured sands to sandy earths PSS ELV – – 14 – – – – – – – – – – – – – – 
L Mukinbudin HP 12 5 Calcareous loamy earth SAL ELV – – – 12 – 12 12 – – 12 12 – – – 11 – – 
L Mullewa HP 98 21 Shallow & stony 
soils LM ELV – – – 7 – 7 98 – – 16 42 98 – – – – 91 
L Mullewa VHP 59 13 Coloured sands to sandy earths GSV ELV 59 – – – – – – 59 59 – – – – – – – – 
L Mullewa FP 55 12 Coloured sands to sandy earths GSV ELV – – – – – – – – 22 – – – – 48 – – – 
L Mullewa LP 37 8 Coloured sands to sandy earths ACD ELV – – 37 – – – – – – – – – – – – – – 
L Mullewa FP 30 6 Shallow & stony 
soils GS ELV – – – – – – 30 – 26 – – – – – – – – 
L Mullewa VHP 26 6 Shallow & stony 
soils LM ELV 26 – – – – – – – – – – – – – – – – 
L Narembeen FPdx 33 9 Clays & shallow loamy duplexes PSS ELV – – – – – – 33 – – – – – – – – – – 
L Narembeen LP 20 5 
Deep loamy 
duplexes & 
earths 
ACD ELV – – 20 – – – – – – – – – – – – – – 
L Narembeen VHP 20 5 
Deep loamy 
duplexes & 
earths 
NEU ELV 20 – – 11 11 – – 19 – – – – – – – – – 
(continued next page) 
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Table F1 (continued)  
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L Narembeen FPdx 19 5 Shallow sandy duplexes PSS ELV – – 2 – – – 18 – – – – – – – – – – 
L Narembeen VHP 17 5 
Deep loamy 
duplexes & 
earths 
ALK ELV 17 – – – – – – – – – – 1 – – – – – 
L Nungarin FP 12 12 Calcareous loamy earth SAL LLY – – 12 – – – – – – – – – – – – – – 
L Nungarin FPdx 11 11 Clays & shallow loamy duplexes PSS ELV – – – – – – 11 – – – – – – – – – – 
L Nungarin HPdx 10 11 Clays & shallow loamy duplexes RKM ELV – – – 10 – 10 – – – – – 10 – – 3 – – 
L Nungarin HP 8 8 Gravels ACD ELV – – – 16 8 8 – 8 8 – – – – – – – – 
L Nungarin HP 7 7 Coloured sands to sandy earths RKM ELV – – – – – – – 7 – – 7 – – – – 7 – 
L Nungarin FP 5 5 Calcareous loamy earth PSS LLY – – – – – – – – – 5 – – – – – – – 
L Perenjori LP 95 27 Coloured sands to sandy earths ACD ELV – – 95 – – – – – – – – – – – – – – 
L Perenjori HP 29 8 Coloured sands to sandy earths ACD ELV – – – 59 29 29 29 25 18 – – – – – – – – 
L Perenjori VHP 24 7 Coloured sands to sandy earths GSV ELV 24 – – – – – – 24 2 – – – – – – – – 
L Tammin FPdx 9 9 Shallow sandy duplexes PSS LLY – – 9 – – – – – – – – – – – – – – 
L Tammin HPdx 8 8 Deep sandy duplexes GS ELV – – – 8 8 – 8 – – – – – – – – – – 
L Tammin FPdx 7 7 Clays & shallow loamy duplexes PSS ELV – – – – – – 7 – – – – – – – – – – 
L Tammin FPdx 6 5 Deep sandy PS LLY – – 6 – – – – – – – – – – – – – – 
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duplexes 
L Trayning HPdx 14 9 Clays & shallow loamy duplexes RKM ELV – – – 14 – 14 – – – – – 14 – – 3 – – 
L Trayning HP 14 9 Gravels ACD ELV – – – 27 14 14 – 14 14 – – – – – – – – 
L Trayning FPdx 14 9 Clays & shallow loamy duplexes PSS ELV – – – – – – 14 – – – – – – – – – – 
L Trayning FP 12 8 Calcareous loamy earth SAL LLY – – 12 – – – – – – – – – – – – – – 
L Trayning HP 10 6 Coloured sands to sandy earths RKM ELV – – – 1 1 – 1 10 – – 9 – – – – 10 – 
L Westonia VHP 18 8 
Deep loamy 
duplexes & 
earths 
ALK ELV 18 – – – – – – 1 – – – 4 – – – – – 
L Westonia HP 12 6 Coloured sands to sandy earths RKM ELV – – – – – – – 12 – 6 12 – – – – 12 – 
L Westonia FPdx 12 5 Clays & shallow loamy duplexes PSS ELV – – – – – – 12 – – – – – – – – – – 
L Westonia VHP 12 5 Coloured sands to sandy earths NEU ELV 12 – – 11 11 – – 12 1 – – – – – – – – 
L Westonia HPdx 11 5 Clays & shallow loamy duplexes RKM ELV – – – 11 – 11 – – – – – 11 – – 2 – – 
L Wyalkatchem FPdx 15 10 Clays & shallow loamy duplexes PSS ELV – – – – – – 15 – – – – – – – – – – 
L Wyalkatchem HPdx 13 9 Clays & shallow loamy duplexes RKM ELV – – – 13 – 13 – – – – – 13 – – 3 – – 
L Wyalkatchem HP 13 8 Gravels ACD ELV – – – 26 13 13 – 13 13 – – – – – – – – 
L Wyalkatchem FP 11 7 Calcareous loamy earth SAL LLY – – 11 – – – – – – – – – – – – – – 
L Wyalkatchem HP 8 5 Coloured sands to sandy earths RKM ELV – – – 1 1 – 1 8 – – 6 – – – – 8 – 
L Yilgarn VHP 32 5 Coloured sands to sandy earths NEU ELV 32 – – 32 32 – – 32 8 – – – – – – – – 
L Yilgarn FPdx 29 5 Clays & shallow loamy duplexes PSS ELV – – – – – – 29 – – – – – – – – – – 
L   4223 < 5    721 636 814 1654 1121 1070 845 810 439 604 390 78 80 110 137 50 3 
Total L region  6786     1115 673 1592 2502 1571 1467 1596 1499 818 738 599 375 83 198 189 250 131 
Total all regions  18069     3238 1506 4239 5996 3867 2665 5165 3572 2262 1490 1151 801 731 728 690 486 239 
* The soil qualifier groups and land unit groups are defined in Appendix B  **Productivity class: VHP - very high productivity, HP- high productivity,  FP - fair productivity, LP - 
low productivity, VLP – is very low productivity (or not productive land).  The dx subscript indicates duplex (sand over clay).  See table 9 for the productivity groups. 
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Appendix G: Land with slopes greater than five per cent 
Figure G1 and Table G1 show the proportion of land available for agriculture that has slopes 
greater than five per cent. 
 
Figure G1 The proportion of land available for agriculture with greater than five per cent slope 
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Table G1 The proportion of land available for agriculture in each LGA with greater than five per cent slope  
High rainfall region Medium rainfall region Low rainfall region 
LGA Proportion of land > 5% slope LGA 
Proportion of 
land > 5% slope LGA 
Proportion of 
land > 5% slope 
Boddington 58 Ravensthorpe 20 Lake Grace 7 
Williams 45 Greenough 19 Yilgarn 7 
Wandering 44 Northampton 16 Kondinin 5 
Boyup Brook 41 Chapman Valley 15 Kulin 5 
Chittering 28 Esperance 8 Nungarin 5 
Kojonup 28 Irwin 8 Trayning 5 
Toodyay 28 Mingenew 6 Westonia 5 
Cuballing 27 Quairading 6 Dowerin 4 
West Arthur 27 Wickepin 6 Mukinbudin 4 
Cranbrook 20 Jerramungup 5 Mullewa 4 
Northam 20 Moora 5 Narembeen 4 
York 20 Cunderdin 4 Wyalkatchem 4 
Gingin 18 Dumbleyung 4 Merredin 3 
Plantagenet 17 Goomalling 4 Mount Marshall 3 
Albany 16 Corrigin 2 Tammin 3 
Pingelly 14 Kent 2 Bruce Rock 2 
Beverley 13 Coorow 1 Kellerberrin 2 
Brookton 13 Three Springs 1 Dalwallinu 1 
Narrogin 13 Wongan–Ballidu 1 Koorda 1 
Wagin 11 Carnamah – Morawa 1 
Woodanilling 10     Perenjori 1 
Broomehill 7         
Gnowangerup 7         
Tambellup 7         
Victoria Plains 7         
Katanning 5         
Dandaragan 1         
Average land area 20   5   3 
 
 
